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NOTE  ON  THE  RELIABILITY  OF  THE  BENEDICT  AND 
FOUN-Wn  BLOOD  SUGAR  DETERMINATIONS. 

By  F.  A.  CSONKA  and  GRACE  C.  TAGGART. 
(From  the  Laboratory  of  Dr.  J.  P.  McKelvy,  Pittsburgh.) 

%     (Received  for  publication,  July  7,  1922.) 

A  comparative  study  of  blood  sugar  methods  was  recently 
published  in  this  Journal  by  Host  and  Hatlehol;1  their  conclusion 
was  that  the  Benedict2  method  gives  a  generally  higher  result 
than  the  Folin-Wu*  method.  Since  then,  Folin  and  Wu  have 
modified  their  technique  and  claim  that  "the  new  process  tends 
to  give  slightly  lower  values  than  the  original  method."  This 
makes  the  difference  between  the  Benedict  and  Folin-Wu  methods 
even  larger  than  the  tables  of  Host  and  Hatlehol  show.  Our 
aim  at  present  is,  not  to  prove  whether  the  blood  sugar  values 
obtained  by  the  above  mentioned  methods  are  absolutely  correct 
or  whether  reducing  substances  other  than  glucose  present  in 
the  blood  have  any  influence  on  the  reagents  used,  but  to  decide 
which  of  these  two  methods  gives  the  more  reliable  results. 

A  1  per  cent  solution  of  pure  glucose  was  made  up,  using  Kahl- 
baum's  (c.p.)  preparation,  which,  by  dilution,  gave  the  necessary 
standards  for  both  methods  and  a  third  "unknown"  solution 
was  prepared  containing  approximately  20  mg.  per  100  cc.  We 
found  that,  using  these  pure  glucose  solutions,  both  methods  gave 
identical  and  correct  results.  What,  then,  can  be  the  reason 
for  the  different  results  obtained  by  the  two  methods  when  ap- 
plied to  human  blood;  i.e.,  higher  results  according  to  Benedict's 
method?  (We  must  keep  in  mind  that  Benedict  eliminates 
the  blood  proteins  by  picric  acid  and  Folin  and  Wu,  by  tungstic 
acid).  In  the  first  place,  since  a  higher  result  (Benedict)  indicates 
a  larger  amount  of  glucose  present  in  the  blood  filtrate,  we  might 

i  Host,  H.  F.,  and  Hatlehol,  R.,  J.  Biol.  Chem.,  1920,  xlii,  347. 
»  Benedict,  S.  R.,  J.  Biol.  Chem.,  1918,  xxxiv,  203. 
«  Folin,  O.,  and  Wu,  H.,  /.  Biol.  Chem.,  1920,  xli,  367. 
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conclude  that  the  tungstic  acid  precipitation  is  responsible  for 
the  loss  of  some  glucose.  In  the  second  place,  we  might  conclude 
that  there  are  certain  reducing  substances  in  the  filtrates  other 
than  glucose  which  react  with  the  picric  acid  but  do  not  affect  the 
copper. 

To  settle  the  first  possibility  we  used  the  Folin-Wu  technique 
on  both  the  tungstic  and  the  picric  filtrates4  and,  to  our  satisfac- 
tion, found  very  good  checks.  This  disproves  the  theory  that 
the  tungstic  acid  precipitation  is  responsible  for  the  loss  of  glu- 
cose.   To  counteract  the  yellow  color  of  the  picric  acid  we  added 

TABLE  I. 

Blood  Sugar  in  Mg.  per  100  Cc.  of  Blood.* 


Subject. 

Condition. 

Tungstate  filtrate. 

Picric-picrate  filtrate. 

Folin-Wu 
method. 

Benedict 
technique. 

Folin-Wu 
technique. 

Benedict 
method. 

mg. 

mg. 

mg. 

mg. 

1 

Normal. 

73 

86 

72 

120 

2 

u 

83 

82 

81 

117 

3 

a 

87 

100 

86 

121 

4 

it 

88 

91 

87 

118 

5 

it 

89 

94 

87 

120 

6 

Diabetic. 

87 

104 

81 

130 

7 

n 

91. 

106 

89 

122 

8 

u 

97 

110 

96 

150 

9 

it 

140 

157 

133 

170 

10 

it 

164 

162 

161 

184 

11 

"         accom- 
panied by  glycosuria . 

200 

230 

200 

263 

*  Blood  was  taken  before  breakfast. 

1  to  1.2  cc.  of  the  picric-picrate  solution  to  the  Folin  standard 
before  dilution;  the  green  color  produced  in  both  standard  and 
unknown  could  be  matched  with  ease  in  the  colorimeter.  As 
seen  readily  from  Table  I,  the  results  are  within  the  limit  of  ex- 
perimental error  (see  Column  5)  and  can  be  assumed  as  identical. 
At  the  same  time  this  experiment  serves  as  a  proof  that  the  cop- 
per is  not  reduced  by  the  non-glucose  substance  which  reacts 
with  the  picric  acid  and  produces  a  higher  figure  for  blood  sugar 
(Benedict). 

4  It  was  found  that  the  presence  of  picric  acid  did  not  influence  the 
copper  reduction. 
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It  was  of  further  interest  to  apply  the  tungstic  acid  filtrate  to 
the  Benedict  technique  (4  cc.  of  filtrate  and  4  cc.  of  picric-picrate 
solution).  As  seen  from  Table  I,  Column  4,  the  results  are  some- 
times higher  than  those  of  Folin  but  always  lower  than  those  of 
Benedict.  This  shows  that  the  tungstic  precipitation  partially 
eliminates  the  non-glucose  reducing  material  and  could  be  ad- 
vocated as  an  improved  modification.  To  simplify  calculations 
a  standard  solution  of  glucose  containing  0.4  mg.  per  4  cc.  may 
be  used. 

In  conclusion,  we  may  state  that  the  Folin- Wu  blood  sugar 
determination  gives  more  reliable  results  than  Benedict's  picric- 
picrate  method. 


THE  MINERAL  CONTENT  OF  THE  NORMAL  WHITE  RAT 

DURING  GROWTH. 

By  G.  DAVI8  BUCKNER  and  A.  M.  PETER. 

(From  the  Department  of  Chemistry,  Agricultural  Experiment  Station, 

University  of  Kentucky,  Lexington.) 

(Received  for  publication,  July  6,  1922.) 

The  object  of  the  experiment  reported  herein  was  to  determine 
the  mineral  content  of  the  carcasses  of  normal  white  rats  at  dif- 
ferent ages.  The  laboratory  conditions  under  which  the  ftniirnd* 
were  raised  are  reproducible.  The  use  to  be  made  of  the  data 
will  be  for  comparison  with  similar  data  to  be  procured  under  a 
change  of  the  minerals  ingested. 

A  large  number  of  healthy  adult  white  rats  were  obtained  which 
had  come  from  common  parents  and  had  existed  under  identical 
conditions  since  weaning.  These  rats  were  bred  and  only  those 
litters  from  which  three  males  and  three  females  could  be  selected 
for  analysis  were  used  in  the  experiment.  These  litters  were 
weaned  at  the  age  of  4  weeks  and  at  that  time  separated  as  to 
sex.  After  weaning,  their  principal  food  consisted  of  cracked 
yellow  corn  which  was  kept  before  them  at  all  times.  Three 
times  a  week  stale  light  bread  soaked  in  fresh  whole  milk  was  fed 
as  the  morning  meal  in  such  quantities  as  they  would  consume 
in  30  minutes  and  twice  a  week  shredded  cabbage  was  fed.  Lab- 
oratory tap  water  was  used  throughout.  They  were  bedded 
with  clean  oat  straw  which  was  changed  twice  a  week. 

When  a  group  of  rats  reached  the  desired  age  they  were  chloro- 
formed and  thoroughly  washed  with  distilled  water  and  dried. 
The  esophagus,  stomach,  intestines,  and  rectum  were  dissected 
out  and  discarded.  The  remaining  portions  of  the  three  rats 
of  each  sex  were  weighed  together  and  ashed  at  a  dull  red  heat 
in  a  muffle  for  12  hours,  thereby  obtaining  a  nearly  white  ash, 
very  uniform  in  color  and  texture.  After  weighing,  the  com- 
posite sample  of  ash  was  well  mixed  by  grinding  and  a  weighed 
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portion  dissolved  in  hydrochloric  acid  and  analysed  for  calcium 
and  maeneaum  by  the  method  of  McCnidden-1  Phosphorus 
and  potassium  were  determined  by  the  methods  of  the  Associa- 
tion of  Official  Agricultural  Chemists*  after  solution  in  hydro- 
chloric acid. 

The  results  are  shown  in  Tables  I  and  HI.  Tables  II  and  IY 
were  computed  from  the  data  in  Tables  I  and  Hi- 
lt will  be  seen  that  the  weights  of  the  male  and  female  car- 
casses increase  regularly  for  40  weeks,  except  between  the  16th 
and  18th  weeks  for  the  males  and  the  10th  and  12th  and  the  14th 
and  16th  weeks  for  the  females.  In  these  cases  the  deficiency 
in  weight  was  due,  perhaps,  to  individual  variations. 

The  weights  of  the  carcasses  of  the  males  and  females  of  the 
same  age  up  to  10  weeks  are  comparable  but  after  that  age  the 
males  are  appreciably  heavier  than  the  females. 

With  the  exception  of  the  percentages  of  ash  in  the  carcasses 
of  the  2  week  old  male  and  the  20,  30,  and  40  week  old  males 
and  females,  the  percentage  remains  fairly  constant  in  the  in- 
tervening periods.  The  percentage  of  P*0*  in  the  ash  of  the 
carcass  shows  a  wider  range  of  variation  in  the  female  than  in 
the  male  but  the  maximum  in  the  male  is  higher.  The  total 
weights  of  PjOs  in  the  carcass  of  both  males  and  females  show  an 
increase  in  each  period  except  that  of  18  weeks  for  the  former 
and  of  12  weeks  for  the  latter.  Here  again  we  have  cases  of 
individual  variation. 

The  percentages  of  CaO  in  the  ashes  of  the  males  van-  more 
than  those  of  the  females,  but  the  average  is  about  the  same. 
The  weights  of  CaO  in  the  18  week  old  male  and  the  12  week 
old  female  are  smaller  than  those  for  the  corresponding  weights 
for  the  2  weeks  previous. 

It  is  interesting  to  note  that  at  the  age  of  2  weeks  the  oxygen 
ratio  of  CaO  +  MgO  to  P205  approximates  that  6f  tricalcium 
phosphate  (1.67),  whereas,  for  the  older  rats  this  ratio  falls 
between  that  and  the  ratio  for  dicalcium  phosphate  (2.5);  and 
that  the  ratio  of  calcium  to  magnesium  and  to  potassium  is 
sensibly  the  same  for  both  sexes  and  all  ages. 

*  McCnidden,  F.  II. .  J.  Biol.  Chem..  1909-10.  vii,  S3. 

*  Official  and  tentative  methods  of  analysis  of  the  Association  of  Official 
Agricultural  Chemists,  revised,  November  1,  1919,  pp.  3  and  12. 
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TABLE  I. 

Average  Weights  per  Carcass,  Grams,  and  Percentage  of  Ash. 


Age. 

Carcass  without 
alimentary  canal. 

Crude  ash. 

Percentage  of  ash. 

Male. 

Female. 

Male. 

Female. 

Male. 

Female. 

xokt. 

2 

15.65 

12.27 

0.28 

0.34 

1.79 

2.77 

4 

17.76 

15.91 

0.52 

0.47 

2.93 

2.95 

6 

20.80 

21.20 

0.62 

0.65 

2.98 

3.07 

8 

45.01 

47.32 

1.47 

1.41 

3.27 

2.98 

10 

Lost. 

63.34 

1.84 

2.90 

12 

60.02 

53.85 

1.70 

1.55 

2.82 

2.88 

14 

93.66 

79.07 

2.40 

2.19 

2.56 

2.77 

16 

111.21 

68.19 

3.49 

2.10 

3.14 

3.08 

18 

102.09 

93.19 

3.04 

2.89 

2.98 

3.10 

20 

124.55 

100.64 

3.29 

3.36 

2.64 

3.34 

30 

160.21 

142.35 

5.79 

4.80 

3.61 

3.37 

40 

180.50 

138.81 

7.14 

5.37 

3.95 

3.87 

Average 

84.68 

69.68 

2.70 

2.24 

2.95 

3.00 

Gain  in  38  weeks  . . 

174.85 

130.08 

6.86 

5.03 

2.16 

1.10 

TABLE  II. 
Average  Percentages  of  Mineral  Substances  in  the  Carcasses. 


PiO. 

CaO 

MgO 

KiO 

Age. 

Male. 

Female. 

Male. 

Female. 

Male. 

Female. 

Male. 

Female. 

tckt. 

2 

0.66 

0.87 

0.72 

0.99 

0.04 

0.06 

Lost. 

Lost. 

4 

1.28 

1.27 

1.03 

1.05 

0.07 

0.07 

0.04 

0.04 

6 

1.35 

1.32 

1.12 

1.09 

0.07 

0.07 

0.03 

0.04 

8 

1.40 

1.23 

1.12 

1.00 

0.08 

0.07 

0.04 

0.03 

10 

1.23 

1.04 

0.07 

0.03 

12 

1.18 

1.12 

1.02 

0.99 

0.04 

0.06 

0.03 

0.04 

14 

1.07 

Lost. 

0.99 

1.00 

0.06 

0.06 

0.03 

0.03 

16 

1.33 

1.24 

1.14 

1.11 

0.07 

0.07 

0.04 

0.03 

18 

1.22 

1.28 

0.99 

1.09 

0.06 

0  07 

0.03 

0.03 

20 

1.07 

1.41 

0.89 

1.22 

0.06 

0.08 

0.03 

0.04 

30 

1.42 

1.35 

1.31 

1.20 

0.07 

0.07 

0.03 

0.04 

40 

1.79 

1.54 

1.47 

1.41 

0.09 

0.08 

0.04 

0.03 

Average . . 

1.25 

1.26 

1.07 

1.10 

0.06 

0.07 

0.04 

0.03 
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TABLE  III. 

Percentage  Composition  of  the  Crude  Ash. 

PiOi 

CaO 

.     MgO 

EsO 

Undeter- 
mined. 

'Age. 

Male. 

Female. 

Male. 

Fe- 
male. 

Male. 

Fe- 
male. 

Male. 

Female. 

Male. 

Fe- 
male. 

wk». 

• 

2 

37.07 

31.53 

40.24 

35.30 

1.99 

2.16 

Lost. 

Lost. 

20.70 

31.01 

4 

43.85 

43.00 

35.25 

35.56 

2.30 

2.28 

1.50 

1.31 

17.10 

17.85 

6 

45.40 

43.10 

37.50 

35.40 

2.26 

2.20 

1.13 

1.18 

13.71 

18.12 

8 

42.90 

41.40 

34.10 

33.40 

2.35 

2.47 

1.19 

1.10 

19.46 

21.63 

10 

42.41 

35.72 

2.44 

1.13 

18.30 

12 

42.00 

39.00 

36.00 

34.20 

2.19 

2.19 

1.06 

1.55 

18.75 

23.06 

14 

41.85 

Lost. 

38.65 

34.39 

2.29 

2.07 

1.20 

1.21 

16.01 

16 

42.31 

40.10 

36.36 

36.10 

2.12 

2.19 

1.15 

1.13 

18.06 

20.48 

18 

41.10 

41.20 

33.30 

35.30 

2.06 

2.35 

1.03 

1.03 

22.51 

20.12 

20 

40.60 

42.20 

33.70 

36.50 

2.37 

2.25 

1.00 

1.10 

22.33 

17.95 

30 

39.40 

39.95 

36.20 

35.67 

1.97 

2.11 

0.80 

0.92 

21.63 

21.35 

40 

45.40 

39.70 

37.20 

36.40 

35.33 

3.10 

2.31 
2.20 
0.40 

1.98 
2.22 
0.49 

1.01 

0.86 

14.08 

18.58 

8.80 

21.06 

Average . . 

41.99 

40.32 

36.23 

1.11 

1.14 

20.99 

Range 

8.33 

11.57 

6.94 

0.70 

0.69 

13.16 

TABLE  IV. 

Oxygen  Ratios. 


O  of  P80» 

Oof< 
Oofl 

3aO 

Age. 

O  of  CaO  +  MgO 

iigO 

Male. 

Female. 

Male. 

Female. 

wk*. 

2 

1.70 

1.62 

14.5 

11.7 

4 

2.24 

2.19 

11.1 

11.3 

6 

2.20 

2.20 

11.9 

11.6 

8 

2.27 

2.22 

10.5 

9.7 

10 

2.14 

10.5 

12 

2.12 

2.07 

11.8 

11.2 

14 

1.98 

12.1 

11.4 

16 

2.12 

2.02 

12.4 

11.8 

18 

2.23 

2.11 

11.6 

10.8 

20 

2.17 

2.10      ' 

10.2 

11.7 

30 

2.00 

2.04 

13.2 

12.1 

40 

2.22 

2.00 

11.5 

13.2 

Average 

2.11 

2.07 

11.9 

11.5 
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These  figures  show  that  rats  coming  from  a  common  parent 
stock,  having  been  similarly  fed  in  all  cases  and  all  having  existed 
under  identical  conditions  have  an  individual  variation  in  growth 
and  mineral  content  in  both  males  and  females  which  is  not  over- 
come when  results  are  compiled  from  the  average  of  three  of  each 
sex. 


A  STUDY  OF  THE  DISTRIBUTION  OF  IODINE  BETWEEN 
CELLS  AND  COLLOID  IN  THE  THYROID  GLAND. 

IV.  THE  DISTRIBUTION  OF  IODINE  IN  THE  HYPERPLASTIC  THY- 
ROID GLAND  OF  THE  DOG  AFTER  THE  INTRAVENOUS 
INJECTION  OF  IODINE  COMPOUNDS. 

By  HARRY  BENJAMIN  van  DYKE. 
(From  the  Laboratories  of  Pharmacology,  University  of  Chicago,  Chicago.) 

(Received  for  publication,  July  20, 1922.) 

Some  years  ago  Marine  and  Feiss  (1)  and  Marine  and  Rogoff 
(2,  3)  first  performed  experiments  which  leave  little  doubt  as  to  the 
ability  of  the  dog's  thyroid  gland,  especially  when  hyperplastic, 
to  bind  iodine  almost  instantaneously.  Marine  and  Feiss  (1) 
carefully  perfused  the  surviving  thyroid  gland  with  fluid  con- 
taining iodine  as  KI.  They  found  that  after  1  hour  a  consider- 
able amount  of  iodine  was  taken  up  only  by  a  surviving  gland. 
Any  evidence  of  death  of  the  perfused  organ  was  accompanied  by 
a  loss  of  some  of  the  gland's  stored  iodine  rather  than  by  an 
absorption  of  iodine  from  the  circulating  medium.  However,  even 
a  surviving  gland,  rich  in  iodine,  lost  some  iodine  to  a  perfusing 
fluid  free  of  the  element.  In  surviving  glands  they  discovered 
that  the  amounts  of  iodine  absorbed  were  relatively  independent 
of  the  amounts  of  iodine  in  the  perfusing  fluids.  They  also  pointed 
out  that  a  similarly  rapid  absorption  of  iodine*  by  the  intact  gland 
follows  the  intravenous  administration  of  a  solution  of  KI.  From 
the  results  of  perfusions  of  spleen  and  kidney  under  similar  condi- 
tions they  concluded  that  these  organs  were  not  capable  of  taking 
up  a  significant  amount  of  iodine. 

Marine  and  Rogoff  (2)  on  the  basis  of  experiments  in  which 
they  injected  a  solution  of  KI  intravenously  came  to  the  con- 
clusion that  the  absorption  of  iodine  by  the  gland  is  almost  as  great 
1  hour  after  the  injection  as  it  is  30  hours  after  the  injection. 
They  again  found  that  no  significant  amount  of  iodine  was  taken  up 
by  the  spleen  and  liver.     The  amount  of  iodine  absorbed  by  the 
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As  in  tie  work  of  Marine  ar_i  F^"«.  ar*i  Marine 

whi.  tLrroti  gSarii*  :sivy  defzric-rr  z.yperpiiss52C  wese 
w**i  h.  til  */  ti*  experiz&*~t5.  Tirr.i  eier  zattoss  was  always 
eoupk/yed.  AT  sofcraoz*  «  KI  azid  thyrcid  ©xkc-i  were  injected 
indU>  tie  f esnoral  recu  Every  effort  was  roarSe  to  sectke.  the  gjaads 
*£  rvp&r  as  j*xsifj£  trie?  v^tr  removal  from  the  vrffial  In 
the  nrnJru-g  of  the  de&eminatioiiS  of  the  ratio  of  the  percentage 
of  *>diae  Ll  dried  ce-Hs  u>  that  in  dried  whole  giar*i  the  method 
first  4&*zi:**}  by  Tatom  o  was  somewhat  modified-  To  lessen 
*nvAy*s&  *&  much  a*  possible  the  glands  on  removal  were  plunged 
into  EijyKrE  solution  cooled  to  l-iXT.  The  glands  were  then 
earef'jBv  rrjt  iato  blocks  of  a  sze  appropriate  for  the  3oor  of  the 
freezing  microtome  and  frozen  sections  wene  made  of  a  considaable 
amount  of  xv&&.  The  blocks  of  tissue  cut  for  the  microtome's 
floor  t&  w*H  ag  the  cut  sections  were  suspended  in  Ringer's  solution 
eookd  to  1-l'C.  As  in  the  preceding  work  of  this  series  the  froien 
sections  werec>it  sufficiently  thin  so  that  practically  all  of  the 
eoQoii  or  intercellular  £ uid  was  di^olved  out  of  the  acini  as  soon 
a*  the  sections  were  ?x?pended  in  cooled  Ringer  s  solution.  By 
oentrif  utilization  the  ceCs  were  separated  from  the  colloid  dissolved 
in  the  Ringer's  solution  and  carefully  dried  over  an  electric  hot- 
plate and  then  in  an  electric  drying  oven.  Control  pieces  of 
uncut  whole  giand  were  also  dried  in  the  same  manner.  Through- 
out thih  yvpz*  colloid  iodine  solutions  refer  to  cell-free  solutions  of 
thyroid  intercellular  fluids  obtained  by  the  method  just  described 
and  dissolved  in  Ringer's  solution.    In  all  of  the  experiments  the 
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quantitative  determinations  of  iodine  were  made  by  the  method 
of  Kendall  (6). 

From  the  data  of  Table  I  it  can  be  seen  that  large  amounts  of 
iodine  as  KI  were  taken  up  by  hyperplastic  thyroid  glands  despite 
big  variations  in  the  dose  of  KI  (50  to  150  mg.)  and  duration  of  time 
between  injection  and  removal  of  gland  (90  seconds  to  22  hours 
and  25  minutes).    The  cooling  of  the  blocks  of  thyroid  tissue  dur- 
ing the  process  of  cutting  had  little  effect.    Either  little  of  the 
injected  iodine  was  held  by  the  cells,  or  it  diffused  rapidly  from  the 
cells  in  the  process  of  cutting;  for  the  iodine  content  of  the  cells 
and  hence  the  ratio  of  the  precentage  of  iodine  in  cells  to  the  per- 
centage of  iodine  in  whole  gland  is  considerably  less  than  that 
found  in  resting  glands.    The  average  ratio  value  of  0.15  for  the 
dog  (4)  was  approached  only  in  Experiment  11  in  which  nearly 
24  hours  elapsed  between  the  injection  of  KI  and  the  removal  of 
the  experimental  lobe.    In  this  last  case  there  are  alternative 
means  of  explanation:  more  iodine  may  have  been  bound  by  the 
cells  by  removal  from  the  thyroid's  intercellular  spaces,  or  the  iodine 
in  the  cells  was  in  a  less  diffusible  form  than  in  the  other  experi- 
ments of  the  series.    These  changes  in  the  distribution  of  iodine 
after  about  24  hours  can  be  definitely  correlated  with  Marine  and 
RogofFs  (3)  discovery  that  20  hours  after  the  injection  of  iodine  as 
KI,  markedly  hyperplastic  glands  exhibit  more  stainable  colloid 
with  some  increase  in  the  size  of  the  follicular  spaces  and  shrinkage 
in  the  height  of  the  columnar  epithelium. 

In  the  experiments  the  data  of  which  are  given  in  Table  II, 
solutions  of  colloid  iodine  from  normal  dog  thyroid  glands  were 
injected  intravenously  to  determine  to  what  extent  iodine  in 
organic  combination  is  bound  by  hyperplastic  thyroid  glands. 

The  iodine  of  thyroid  colloid  of  normal  animals  is  practically 
not  at  all  taken  up  by  hyperplastic  glands  after  42  to  86  minutes. 
A  comparable  amount  of  iodine  in  the  form  of  KI  is  rapidly 
taken  up. 

Blum  and  Griitzner  (7)  found  some  hours  after  the  injection 
into  the  circulatory  system  of  fluid  pressed  from  thyroid  glands 
that  the  iodine-containing  thyroid  protein  is  split  largely  by 
hepatic  action  into  simpler  products  with  the  formation  even 
of  iodides.  In  Experiments  12  and  13  (42  and  86  minutes  after 
intravenous  injection)  there  is  little  evidence  that  much  iodide- 


TABLE  L 
Sol ic  of  At  Pc<xrJage  0/  I'jiin*  1*  CtUt  to  tki  Ptrmdag*  «/  /ocuc  in  WkoU 


Gl*U*  in  HyperfUitK  Tkrrmi  G1m 

■,_'■   0/  Dcpt  Btrtriring  t 

/rinmiw    /a>orlia*    cf   Kl   i 

.  im    for    Varying 

ttt^Um  *f  Tim*  Wf*rr  lU  En 

tKt  G~.a%at. 

5          »■=."§                                   * 

1      I       1 

lif 

ii    1E1] 


i    ""I 


Coctrol.  0.67S6  0  (CI  0  5242  0 

Iodized.  0  5553  0  042  0.75(5  0  002     0  04S 

Control.  0  654*.  0  010  0  6373  0 

lodiied.  0  5695   0  072  0  -437  0  003     0  012 


Control. 


Control.      0  4512  0  042    0  3775  0 
Iodized.       0.7760  0  079    0.470?  0 


Control. 


Control.    ;  0  $130  0 

Iodized.        0  6521    0  0S5     0  6994   0-002     0.025 
0  7311   0.070  . 

Control.       0.4082  0  007  , 

0  6490  0  004 

Iodized.        0  4610  0  051     0  S222  0  004     0  045 

0  2455  0.09$ 

Control.       0  5150  0  002     0  7066  0 

Iodized.       0  5957  0.0S5     0  S2S2  0  003     0.035 

Control.       0  345$   0  010     0.24W   0 
Iodized.       0  2502  0  091     0  2627  0 


11  50     22      25     Control.       0  4650  0  017     0  5357  0 

0.5715   0  020  j 

!    Iodized.       0.7191   0.213     0  5422  0  022  ;  0 

*  Glands  and  cells  not  suspended  in  tee-cooled  Ringer's  solution. 
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iodine  has  been  split  from  colloid  iodine;  for  the  hyperplastic 
thyroid  glands  present  exhibit  no  significant  change  in  iodine  con- 
tent and  yet  are  able  quickly,  to  bind  any  iodine  available  as  jodide. 
In  the  experiments  reported  in  Table  III  colloid  iodine  solution 
of  animals  with  hyperplastic  glands,  each  of  which  had  received  an 

table  n. 
Katie  of  the  Percentage  of  Iodine  in  Cells  to  the  Percentage  of  Iodine  in 
Whole  Gland  in  Hyperplastic  Thyroid  Glands  of  Dogs  after  the  Intrav- 
enous Injection  of  Thyroid  Colloid  Iodine  from  Normal  Dog 
Thyroid  Glands.     The  Iodine  Content  of  a  Hyperplastic 
Gland  of  a  Dog  after  the  Injection  of  a  Comparable 
Amount  of  Inorganic  Iodine  u  also  Recorded. 
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intravenous  injection  of  50  mg.  of  KI  60  minutes  before  the  removal 
of  the  thyroid  lobe  for  section,  was  injected  intravenously  as  soon 
as  possible  into  other  animals  with  hyperplastic  glands.  The 
sequence  was  as  follows:  as  a  control,  part  of  one  lobe  was  removed ; 
colloid  iodine  dissolved  in  Ringer's  solution  was  then  injected  and 
all  but  half  of  one  lobe  resected;  a  comparable  amount  of  iodine 
as  KI  dissolved  in  a  similar  amount  of  Kinger's  solution  was  then 
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iodine  has  been  split  from  colloid  iodine;  for  the  hyperplastic 
thyroid  glands  present  exhibit  no  significant  change  in  iodine  con- 
tent and  yet  are  able  quickly  to  bind  any  iodine  available  as  jodide. 
In  the  experiments  reported  in  Table  III  colloid  iodine  solution 
of  animals  with  hyperplastic  glands,  each  of  which  had  received  an 

table  II. 

Ratio  of  the  Percentage  of  Iodine  in  Cells  to  the  Percentage  of  Iodine  in 
Whole  Gland  in  Hyperplastic  Thyroid  Glands  of  Dogs  after  the  Intrav- 
enous Injection  of  Thyroid  Colloid  Iodine  from  Normal  Dog 
Thyroid  Glands.    The  Iodine  Content  of  a  Hyperplastic 
Gland  of  a  Dog  after  the  Injection  of  a  Comparable 
Amount  of  Inorganic  Iodine  is  also  Recorded. 
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intravenous  injection  of  50  mg,  of  KI  60  minutes  before  the  removal 
of  the  thyroid  lobe  for  section,  was  injected  intravenously  as  soon 
as  possible  into  other  animals  with  hyperplastic  glands.  The 
sequence  was  as  follows:  as  a  control,  part  of  one  lobe  was  removed; 
colloid  iodine  dissolved  in  Ringer's  solution  was  then  injected  and 
all  but  half  of  one  lobe  resected;  a  comparable  amount  of  iodine 
as  KI  dissolved  in  a  similar  amount  of  Ringer's  solution  was  then 
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injected  and  the  remaining  half  of  one  lobe  taken  out.  Much 
more  of  the  iodine  from  the  colloid  iodine  of  these  animals  was 
taken  up  than  from  the  colloid  iodine  of  normal  animals  (Table  II). 
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Even  here  considerable  iodine  as  KI  was  still  bound  by  the  glands 
which  had  taken  up  some  colloid  iodine.  These  results  suggest 
that  the  colloid  iodine,  bound  but  incompletely  synthesized  into 
active  principle,  is  in  a  more  diffusible  form  in  the  acutely  iodized 
gland  than  in  the  more  normal  resting  gland.  Moreover,  the 
incompletely  synthesized  active  principle  may  be  more  readily 
split  by  hepatic  action  (7)  into  simpler  products  (e.g.,  iodides) 
which  are  then  bound  by  the  hyperplastic  thyroid  gland. 

Marine  and  Rogoff  (3)  declare  that  even  30  hours  after  intra- 
venous administration  of  a  solution  of  KI  very  little  of  the  thyroid's 
active  principle,  as  measured  by  the  effects  of  thyroid  on  tadpole 
growth  and  metamorphosis,  has  been  elaborated.  The  less 
diffusible  and  less  readily  split  normal  colloid  iodine  compound 
(Table  II)  probably  represents  the  mor6  fully  elaborated  active 
principle. 

SUMMARY. 

The  findings  of  Marine  and  Feiss  and  Marine  and  Rogoff  that 
the  hyperplastic  thyroid  gland  of  the  dog  rapidly  binds  iodine 
intravenously  introduced  as  a  solution  of  KI  were  confirmed. 

By  a  method  already  described  (5)  the  ratio  value  of  iodine  in 
cells  to  iodine  in  whole  gland  was  determined  and  found  to  be  very 
low  after  the  intravenous  injection  of  KI  solution  into  dogs  with 
hyperplastic  glands  when  those  glands  were  removed  1.5  to  60 
minutes  after  the  injection.    The  ratio  value  more  nearly  ap- 
proached the  normal  if  the  interval  elapsing  between  injection 
and  removal  of  gland  was  made  about  24  hours  instead  of  1  hour 
or  less  as  in  most  of  the  experiments.     This  finding  is  in  keeping 
with  the  histological  changes  described  by  Marine  and  Rogoff  in 
such  glands  20  hours  after  the  intravenous  injection  of  KI  solution. 
When  iodine  as  colloid  iodine  solution  of  normal  animals  was 
administered  intravenously  practically  none  of  the  colloid  iodine 
was  taken  up  by  hyperplastic  glands  during  the  periods  of  time 
used  in  these  experiments;  yet  from  an  injection  of  a  comparable 
amount  of  iodine  in  the  form  of  KI  the  ready  binding  of  iodine  by 
similarly   hyperplastic   glands   was   proved.     Colloid   iodine   of 
hyperplastic  glands  removed  1  hour  after  the  intravenous  injection 
of  KI  solution  was  taken  up  to  some  extent  by  hyperplastic  glands; 
but  these  last  named  glands  bound  additional  iodine  as  KI  intro- 
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duced  after  the  colloid  iodine  injection.  The  incompletely 
synthesized  active  principle  is  probably  more  diffusible  and  more 
readily  split  into  simpler  products  than  active  principle  fully 
synthesized. 
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By  W.  H.  PETERSON,  E.  B.  FRED,  and  E:  G.  SCHMIDT. 

(From  the  Departments  of  Agricultural  Chemistry  and  Agricultural 
Bacteriology,  University  of  Wisconsin,  Madison.) 

(Received  for  publication,  May  16, 1922.) 

In  the  numerous  studies  which  have  been  carried  out  on  the 
nutritive  value  of  different  carbon  compounds  for  molds  the  forms 
most  generally  used  have  been  Aspergillus  and  Penirillium.  It 
has  been  found  that  these  fungi  can  ferment  carbohydrates, 
alcohols,  organic  acids,  fats,  proteins,  and  many  other  substances; 
but  the  fermentation  of  the  pentoses  and  pentose-yielding  sub- 
stances has  been  investigated  to  only  a  limited  extent.  The 
general  distribution  of  pentose-yielding  substances  in  nature,  and 
the  rapidity  with  which  such  compounds  must  be  broken  down 
suggests  the  possibility  that  fungi  play  an  important  rdle  in  theft 
destruction. 

The  literature  on  the  subject  of  carbon  utilization  by  molds  is 
far  too  voluminous  to  review  in  this  paper.  Only  such  work  as 
deals  specifically  with  the  fermentation  of  the  pentoses  and  the 
general  products  of  mold  metabolism  will  be  considered.  For  an 
extensive  review  of  the  literature  concerning  the  growth  and 
carbon  assimilation  of  the  molds,  the  reader  is  referred  to  the 
papers  of  Lafar  (1)  and  Steinberg  (2). 

The  assimilation  of  carbon  from  arabinose  and  xylose  by  various 
fungi  has  been  mentioned  by  a  few  investigators.  Behrens  (3) 
in  1898  was  perhaps  the  first  one  to  note  the  favorable  effect  of 
arabinose  on  the  growth  of  Penicillium  glaucum  and  Botryiis  vul- 
garis. In  1901  Went  (4)  found  that  xylose  serves  as  a  good  source 
while  arabinose  is  a  poor  source  of  carbon  for  Monilia  sitophila 

•  This  work  was  supported  in  part  by  a  grant  from  the  special  research 
fund  of  the  University  of  Wisconsin. 

Published  with  the  approval  of  the  Director  of  the  Wisconsin  Agricul- 
tural Experiment  Station. 
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(Mont.)  Sacc.  2  years  later  Emmerling  (5)  found  that  Aspergillus 
niger  assimilates  arabinose  and  xylose,  but  does  not  form  oxalic 
acid  from  these  compounds.  In  1913  Kriiger  (6)  showed  that  a 
certain  species  of  Gloeosparium  can  utilize  arabinose.  Hawkins  (7) 
in  1915  carried  out  a  study  of  the  utilization  of  pentosan  and  pen- 
toses by  Glomerella  cingulata.  He  concluded  that  the  pentoses 
are  readily  utilized  by  this  fungus;  in  fact,  arabinose  and  xylose 
seemed  better  sources  of  carbon  than  glucose.  From  this  brief 
review  it  is  evident  that  but  little  attention  has  been  paid  to  the 
utilization  of  the  pentoses,  the  products  formed,  and  the  relation 
of  these  products  to  one  another  and  to  the  sugar  consumed. 

As  a  means  of  measuring  mold  activity  one  or  more  of  the 
following  indices  have  been  used  by  most  investigators:  weight 
of  mycelium  formed,  carbon  dioxide  produced,  or  sugar  con- 
sumed. Of  these  three  the  first  is  the  one  most  commonly  used. 
The  weight  of  mycelium  is  greatly  influenced  by  the  conditions  of 
growth  and  the  kind  of  fungus,  but  under  normal  conditions  the 
common  molds  consume  about  3  gm.  of  sugar  in  the  production  of 
1  gm.  of  dry  fungus.  Weimer  and  Barter  (8),  however,  report  an 
extreme  case  where  29  gm.  of  glucose  were  required  to  produce  1 
gm.  of  f ungus.  Since  the  elementary  composition  of  dry  fungus  and 
the  compound  fermented  are  different,  Waterman  (9)  compared 
the  two  on  the  basis  of  their  carbon  content.  From  the  common 
sugars  he  recovered  about  35  per  cent  of  the  carbon  in  the  mold 
pad.  He  termed  this  percentage  the  "plastic  equivalent"  of  the 
fermented  compound. 

Although  carbon  dioxide  is  generally  recognized  as  the  chief 
fermentation  product  formed  by  fungi,  comparatively  few  deter- 
minations of  the  quantity  of  gas  evolved  are  found  in  the  literature 
(10).  Expressed  as  the  weight  of  carbon  dioxide  to  weight  of 
fungus,  respiratory  coefficient,  a  ratio  of  approximately  2  has  been 
found  by  &  number  of  investigators.  Of  the  carbon  contained  in 
the  fermented  compound  from  50  to  70  per  cent,  depending  on  the 
fungus  and  the  conditions  of  growth,  are  recovered  in  the  carbon 
dioxide. 

In  the  experimental  part  of  this  paper  the  destruction  of  sugar 
has  been  used  as  a  guide  in  the  selection  of  pentose-fermenting 
molds.  The  molds  thus  selected  have  been  used  for  a  more 
extended  study  of  mycelian  growth  and  carbon  dioxide  evolution. 
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Rate  of  Fermentation  of  Arabinoie  and  Xylose  by  Various  Molds. 
Medium  contained  2  per  cent  of  sugar. 
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EXPERIMENTAL. 

The  molds  used  in  this  work  were  from  laboratory  stock  cultures 
or  were  secured  from  E.  M.  Gilbert  of  the  Botany  Department, 
from  Miss  Audrey  Richards  of  the  Forest  Products  Laboratory, 
and  from  Parke,  Davis  and  Company.  Altogether  25  cultures 
were  studied  representing  Aspergillus,  Penicillium,  and  Mucor 
forms.  For  many  helpful  suggestions  the  authors  are  indebted  to 
J.  B.  Overton  and  to  E.  M.  Gilbert  of  the  Department  of  Botany, 
University  of  Wisconsin. 

After  many  kinds  of  nutrient  solutions  were  tried,  the  one 
recommended  by  J.  B.  Overton  was  found  most  satisfactory. 
Except  in  the  study  of  citric  acid  production,  this  nutrient  solution 
was  used  in  all  fermentations.  The  composition  of  the  Overton 
medium  is  as  follows: 

cc. 

m  ammonium  nitrate 250 

m  monobasic  potassium  phosphate 100 

m  magnesium  sulfate 40 

m  ferric  chloride : 2 

Distilled  water.' 608 

The  individual  salts  were  made  up  in  quantities  stifficient  to  cover 
a  series  of  experiments.  Each  stock  salt  solution  was  kept  in  a 
separate  flask  and  was  combined  with  the  others  as  needed. 

Sugar  was  dissolved  in  water  to  yield  a  4  per  cent  solution. 
In  the  preliminary  experiments,  100  cc.-Erlenmeyer  flasks  were 
used.  10  cc.  of  the  salt  solution  were  placed  in  each  flask  which 
was  then  plugged  with  cotton  and  sterilized  for  1  hour  under  20 
pounds  of  steam.  The  sugar  solution  was  sterilized  in  a  similar 
manner,  and  10  cc.  were  transferred  with  a  sterile  pipette  into 
each  of  the  flasks,  making  20  cc.  of  a  2  per  cent  sugar  solution. 
These  culture  solutions  were  about  1  cm.  deep.  The  cultures  were 
inoculated  with  the  mold  spores  and  incubated  at  28°C.  At 
various  intervals  observations  of  the  growth  of  the  fungi  and 
determinations  of  the  unfermented  sugar  were  made. 

The  Rate  of  Fermentation  of  Arabinose  and  Xylose  by  Various  Molds. 

A  list  of  the  molds1  and  the  percentages  of  arabinose  and  xylose 
that  remained  unfermented  at  the  end  of  certain  intervals  of  time 

1  The  term  molds  is  used  to  include  Aspergillus,  Penicillium,  and  Mucor. 
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are  given  in  Table  I.  Of  the  25  molds  tested,  16  made  a  fair  to 
rapid  growth,  9  grew  slowly,  and  3  or  4  of  these  produced  only  a  few 
mycelian  threads.  The  Aspergillus  niger  strains  are  especially 
active  in  the  destruction  of  the  pentoses.  With  the  exception  of 
PemcUUum  glaucum  the  PeniciUia  break  down  the  pentoses  only 
slowly  and  in  the  case  of  certain  species  are  almost  inactive.  The 
two  Mucors  showed  but  little  power  to  ferment  the  pentoses. 

The  two  pentoses  are  apparently  equally  available  to  the  molds. 
With  the  slow  fermenting  molds,  xylose  appears  to  be  somewhat 
more  rapidly  utilized  than  arabinose. 

A  Comparison  of  the  Rate  of  Fermentation  of  Xylose,  Arabinose,  and 

Glucose. 

In  this  series  it  was  planned  to  compare  the  fermentability  of 
the  pentoses  with  a  well  known  hexose.  It  was  felt  that  possibly 
some  of  the  molds  would  break  down  the  pentoses  faster  than 
glucose.  This  condition  has  been  found  to  obtain  with  certain 
bacteria  which  are  characteristically  pentose-fermenters  (11). 
Only  the  most  vigorous  of  the  molds  were  used  in  this  series. 

In  order  to  give  a  longer  time  for  comparison  a  4  per  cent  solution 
of  the  sugars  was  used  in  each  case,  and  the  cultures  were  analyzed 
for  sugar  as  soon  as  growth  was  apparent.  To  follow  closely  the 
rate  of  fermentation  frequent  analyses  were  run.  The  results  of 
of  these  analyses  are  given  in  Table  II. 

An  examination  of  the  data  in  Table  II  shows  that  the  destruc- 
tion of  glucose  was  more  rapid  than  that  of  either  of  the  pentoses. 
In  one  case,  Culture  21,  xylose  seems  to  have  disappeared  more 
rapidly  than  glucose.  Of  the  two  pentoses,  arabinose  appeared 
to  be  slightly  superior  for  the  first  period,  48  hours,  but  at  the  end 
of  70  hours  the  xylose  cultures  were  ahead  in  every  case.  This 
superiority  continues  throughout  all  of  the  subsequent  analyses 
until  the  end  of  the  fermentation  period.  Some  of  the  molds 
proved  to  be  slow  fermenters  of  the  pentoses,  especially  of 
arabinose.  Even  at  the  end  of  8  to  10  days  there  was  still  1  per 
cent  of  sugar  unfermented. 
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TABLE  II. 

A  Comparison  of  the  Rate  of  Fermentation  of  Xylose,  Arabinose,  and  Glucose 
by  Various  Molds. 
Medium  contained  4  per  cent  of  sugar. 


Cul- 

Sinpu  present  tJtar 

N™ 

fermented. 

h" 

hn. 

K 

hn. 

HJ 

117 

hn. 

21S 

a", 

wr 

%i 

££ 

per 

£ 

5£ 

16 

A.  flaws. 

Xylose. 

i.'ll 

2.1fi 

0.33 

0.00 

Arabinose. 

Ul 

2.87 

2.06 

0.07 

0.00 

Glucose. 

3.14 

0.96 

0.03 

0.00 

16 

"  fumigalue. 

Xylose. 

3.47 

2.25 

0.40 

0.00 

Arabinose. 

3.26 

3.20 

2.92 

1.64 

0.85 

"          " 

Glucose. 

3.15 

1.69 

0.2B 

0.00 

5 

"   niger. 

Xylose. 

Arabinose. 

Glucose. 

3.48 
2.87 
3.14 

0.13 
D.fc 

0.00 
0.00 
O.D0 

11 

Xylose. 

3.45 

0.53 

0.00 

Arabinose. 

2.94 

1.31 

0.03 

0.00 

Glucose. 

2.94 

0.16 

0.00 

24 

••  oryw. 

Xyla... 

3.56 

3. OS 

0.00 

"          " 

Arabinose. 

2.95 

2.84 

1.89 

1.77 

0.57 

Glucose. 

1.65 

0.36 

0.00 

12 

"  re-pens. 

Xylose. 

3.53 

1.92 

1.19 

Arabinose. 

3.35 

2.12 

2.04 

2.00 

"         " 

Glucose. 

2.95 

1.71 

0.00 

21 

"  sp. 

Xylose. 

3.10 

0.90 

0.00 

"      " 

Arabinose. 

3.33 

3. IB 

1.87 

1.34 

0.00 

"      " 

Glucose. 

3.47 

1.70 

0.00 

6 

P.glawum. 

Xylose. 

2.81 

1.41 

0.09 

0.00 

"         " 

Arabinose. 

3.13 

2.80 

2.50 

1.43 

0.70 

0.00 

Glucose. 

2.26 

0.90 

0.00 
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Weight  of  Mold  Growth  Produced  from  Xylose. 

2  per  cent  of  xylose  in  the  nutrient  solution  was  placed  in 
Erlenmeyer  flasks  and  inoculated  with  various  molds.  In  one 
series,  Cultures  1,  2,  and  4,  50  cc.  of  medium  in  150  cc.  flasks 
were  used,  and  in  another  series,  Cultures  5,  6,  and  7,  100  cc.  in 
300  cc.  flasks.  After  practically  all  of  the  sugar  had  been  des- 
troyed, the  pads  of  mold  growth  were  carefully  removed  from  the 
flasks,  placed  on  a  filter,  and  washed  with  water  to  remove  adhering 
salts.  The  padg  were  dried  in  the  oven  at  100°C.  and  weighed. 
The  data  are  given  in  Table  III.  The  growth  of  PeniciUium 
glaucum  is  less  profuse  than  that  of  Aspergillus  niger.-  This  is 
evident  to  the  naked  eye,  and  it  is  also  indicated  by  the  dry  weight 
of  the  pads. 

table  in. 

Relation  of  Mold  Growth  to  Xylose  Consumed. 
Medium  contained  2  per  cent  of  sugar. 


Culture  No. 

Name." 

Age. 

Weight  of  pad. 

Economic 
coefficient. 

day 

am. 

1 

A.  sp. 

9 

0.778 

2.56 

2 

u    it 

9 

0.519 

3.85 

4 

"  niger. 

9 

0.918 

2.18 

5 

tt        it 

9 

0.763 

2.62 

6 

P.  glaucum. 

10 

0.548 

3.65 

7 

u        u 

11 

0.620 

3.22 

The  fermented  solutions  were  tested  for  acidity,  but  no  titratable 
acid  was  found,  nor  was  any  decided  change  found  in  the  hydrogen 
ion  concentration  of  the  solution. 

Relation  of  Carbon  Dioxide  and  Mold  Growth  to  Sugar  Consumed. 

In  this  experiment  the  quantity  of  carbon  dioxide  and  the 
weight  of  the  mold  pad  were  determined.  The  fermentation  was 
conducted  in  a  closed  system  through  which  a  slow  current  of 
carbon  dioxide-free  air  was  drawn.  The  carbon  dioxide  evolved 
by  the  molds  was  absorbed  in  30  per  cent  potassium  hydroxide 
and  determined  by  double  titration  according  to  the  method  of 
Scales  (12). 
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As  a  check  on  the  Scales  method,  C02  was  also  determined  by 
the  gasometric  method  of  Van  Slyke  (13).  In  the  first  experiment 
each  fermentation  flask  contained  100  cc.  of  a  2  per  cent  xylose-salt 
solution.  Three  molds,  Nos.  1,  5,  and  6,  were  used  in  this  fermen- 
tation, which  was  carried  out  in  a  warm  room  *at  about  25°C. 
Good  growth  was  obtained  in  all  the  flasks.  After  4  days  the 
surface  was  well  covered,  and  in  the  case  of  No.  5  black  spores 
began  to  appear.  After  14  days  the  train  was  taken  down,  the 
pads  were  removed,  washed,  dried,  and  weighed.  The  data 
are  given  in  Table  IV. 

If  the  carbon  in  the  carbon  dioxide  is  compared  with  that  con- 
tained in  the  xylose,  it  will  be.found  that  62,  59;  and  60  per  cent, 
respectively,  of  the  carbon  in  the  xylose  has  been  converted  into 

TABLE  IV. 

Relation  of  Carbon  Dioxide  Production  and  Weight  of  Mold  Growth  to  Xylose 

Fermented. 


Experi- 

Cul- 

ment 

ture 

No. 

No. 

1 

1 

2 

5 

3 

6 

Name. 


A.  8p. 
"  niger. 
P.  glaucum. 


Age  of 
cul- 
ture. 

Xylose 

fer- 
mented. 

Carbon 
dioxide. 

Weight 
of  pad. 

Respir- 
atory 
coeffi- 
cient. 

days 

14 
14 
14 

gm. 

2.00 
2.00 
1.47 

gm. 

1.806 
1.716 
1.288 

gm. 

0.564 
0.690 
0.400 

3.2 
2.5 
3.2 

Eco- 
nomic 
coeffi- 
cient. 


3.6 

2.90 

3.77 


carbon  dioxide.  This  percentage  relation  was  designated  by 
Waterman  as  the  respiratory  equivalent,  and  was  shown  by  him  to 
vary  with  the  age  of  the  mold.  In  the  early  stages  a  large  pro- 
portion of  the  carbon  is  stored  in  the  pad.  After  all  the  sugar  has 
been  consumed,  the  cells  draw  upon  that  stored  in  the  mycelian 
growth  until  they  become  almost  inactive. 

Rate  of  Carbon  Dioxide  Production  and  Distribution  of  Carbon  in 

the  Products  of  Fermentation. 

Fermentation  by  Aspergillus  niger,  No.  5. — A  1,000  cc.  Erlen- 
meyer  flask  with  2  per  cent  of  xylose  dissolved  in  the  medium  was 
used  in  these  experiments.  Before  the  gas  was  passed  into  the 
alkali  solution,  it  was  drawn  through  concentrated  sulfuric  acid  in 
order  to  remove  any  traces  of  alcohol  that  might  be  produced. 
Instead  of  potassium  hydroxide,  a  0.4  n  solution  of  barium  hydrox- 
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ide  was  used  as  the  absorbent.  At  approximately  daily  intervals 
this  receiving  bottle  was  removed,  and  the  absorbed  CO2  determined 
by  titration.  From  the  data  in  Table  V  it  is  seen  that  evolution  of 
gas  begins  after  24  hours  and  increases  rapidly  until  a  maximum 
is  reached  and  then  gradually  declines.  The  maximum  CO* 
production  is  reached  within  3  or  4  days  after  the  mycelium  covers 
the  surface  of  the  liquid. 

The  percentage  of  the  total  carbon  of  the  xylose  represented  by 
the  COj  varies  somewhat.  Where  all  the  sugar  has  been  destroyed, 
it  amounts  to  41  per  cent  in  Experiment  4,  and  42  per  cent  in 

table  v. 
Evolution  of  Carbon  Dioxide  from  Xylose  by  Aspergillus  niger,  No.  6. 


Experiment  4. 

Experiment  5. 

Ace  of 

COt  evolved. 

Smear 
fermented. 

Age  of 
culture. 

COt  evolved. 

Sugar 
fermented. 

culture. 

Rate. 

Total 

Rate. 

Total. 

krs. 

gm. 

gm. 

gm. 

hr$. 

gm. 

gm. 

gm. 

24 

0.004 

69 

0.060 

0.060 

48 

0.050 

0.054 

90 

0.332 

0.392 

72 

0.300 

0.354 

114 

0.339 

0.731 

76 

0.106 

0.460 

144 

0.500 

1.231 

94 

0.405 

0.865 

185 

0.733 

1.964 

3.21 

120 

0.652 

1.517 

2.46 

280 

0.364 

2.328 

148 

0.312 

1.829 

405 

0.150 

2.478 

172 

0.250 

2.079 

3.42 

671 

0.093 

2.571 

3.21 

Weight 

of  pad 

.  1.430  gm. 

Weighi 

b  of  pad 

.1.034  gm. 

Experiment  5.     When  C02  evolution  has  practically  ceased  as  in 

Experiment  5,  the  carbon  represented  by  the  gas  was  55  per  cent 

of  the  total  carbon  of  the  xylose. 
During  the  fermentation  the  sulfuric  acid  through  which  the 

gas  was  passed  became  gradually  darker  in  color  until  at  the  end 
of  the  fermentation  it  was  almost  black.  After  oxidation  with 
potassium  dichromate  the  solution  was  distilled,  but  no  volatile 
acid  was  obtained  and  hence  no  alcohol  had  been  absorbed  during 
the  aspiration.  The  discoloration  of  the  acid  was  due  to  some 
volatile  organic  substance.  It  is  not  improbable  that  the  substance 
which  produces  the  well  known  odor,  so  characteristic  of  molds, 
was  the  cause  of  the  discoloration. 
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The  fermented  liquid  was  examined  for  alcohol  and  volatile  acid, 
but  none  was  found.  A  small  quantity  of  non-volatile  acid  was 
obtained  by  extracting  the  residue  from  the  volatile  acid  determi- 
nation with  ether,  but  the  amount  was  too  small  to  permit  of 
identification. 

The  curves  given  in  Fig.  1  show  graphically  the  rate  of  carbon 
dioxide  production  and  are  drawn  from  calculations  made  on  the 
basis  of  100  cc.  Since  portions  of  the  fermenting  solution  were 
removed  at  irregular  intervals,  it  is  not  possible  to  construct 
curves  directly  from  the  data  given  in  the  tables. 

TABLE  VI. 

Evolution  of  Carbon  Dioxide  from  Xylose  by  Penicillium  glaucum,  No.  6. 


Experiment  0. 

Experiment  7. 

Age  of 
culture. 

CO*  evolved. 

Sugar 
fermented. 

Age  of 
culture. 

COj  evolved. 

Sugar 
fermented. 

Rate. 

Total. 

Rate. 

Total. 

Art. 

gm. 

gm. 

gm. 

hr$. 

gm. 

gm. 

gm. 

48» 

0.176 

0.176 

47 

0.150 

0.150 

55 

0.181 

0.357 

69 

0.402 

0.552 

77 

0.571 

0.928 

90 

0.713 

1.265 

97 

0.650 

1.578 

114 

0.588 

1.853 

125 

0.833 

2.411 

144 

0.537 

2.390 

151 

0.455 

2.866 

185 

0.493 

2.883 

3.21 

169 

0.268 

3.134 

280 

0.209 

3.092 

193 

0.244 

3.378 

405 

0.074 

3.166 

216 

0.243 

3.621 

4.60 

671 

0.094 

3.260 

3.21 

Weight  of  nad . 

1.433  gm. 

Weifcht  of  nad 

0.730  gm. 

Fermentation  by  Penicillium  glaucum. — Two  experiments  similar 
to  those  with  Aspergillus  niger  were  carried  out  with  Penicillium 
glaucum.  A  comparison  of  the  two  molds  shows  that  Penicillium 
glaucum  produced  a  smaller  weight  of  pad,  but  a  larger  quantity 
of  carbon  dioxide.  Expressed  in  figures  Penicillium  glaucum 
produced  about  70  per  cent  as  much  growth  as  Aspergillus  niger, 
but  25  per  cent  more  carbon  dioxide.  Evidently  cellular  activity 
is  much  greater  in  the  case  of  Penicillium  glaucum.  Slightly 
higher  figures  were  also  obtained  for  the  percentage  of  total  carbon 
represented  by  the  carbon  dioxide.  At  the  time  all  of  the  sugar 
was  destroyed  (Experiment  7),  the  figure  was  62  per  cent  and 
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at  the  end  of  the  experiment  the  figure  had  risen  to  70  per  cent. 
The  data  are  given  in  Table  VI. 

The  fermented  liquid  was  examined  for  other  products  such  as 
alcohol  and  volatile  acid,  but  neither  of  these  was  found.  During 
the  fermentation  a  slight  acidity  developed  which  seemed  to  be 
due  to  non-volatile  acids,  but  the  amount  was  too  small  to  show 
any  positive  tests  for  either  oxalic  or  citric  acid. 

A  noticeable  difference  between  the  two  molds  was  the  failure 
of  the  gases  from  PeniciUium  glaucum  to  discolor  sulfuric  acid. 
It  apparently  does  not  give  off  a  volatile  compound  such  as  is 
produced  by  Aspergillus  niger. 

Elementary  Composition  of  Mycelium. 

In  order  to  determine  the  disposition  of  sugars  in  the  metabolism 
of  molds  and  other  oxidizing  organisms,  a  carbon  balance  is  neces- 
sary. An  elementary  analysis  of  carbon  and  hydrogen  was  made 
by  combustion  in  an  atmosphere  of  oxygen.  The  nitrogen  was 
later  determined  by  the  Kjeldahl  method. 

In  the  combustion  of  the  mold  growth,  considerable  difficulty 
was  at  first  experienced  in  getting  duplicate  determinations.  After 
several  trials  it  was  found  that  by  using  potassium  chromate  in 
the  combustion  tube  and  by  heating  the  sample  very  slowly  in  a 
current  of  oxygen  complete  oxidation  of  the  material  occurred, 
and  good  duplicate  determinations  were  secured. 

At  the  end  of  the  combustion  the  boat  was  weighed  to  determine 
the  unburned  residue  or  ash,  and  the  figures  thus  obtained  are 
included  in  Table  VII. 

In  general  PeniciUium  glaucum  contains  a  higher  percentage  of 
carbon,  hydrogen,  nitrogen,  and  ash  than  Aspergillus  niger.  This 
is  particularly  true  for  carbon  where  the  average  is  49  per  cent 
for  PeniciUium  glaucum,  and  46  per  cent  for  AspergiUus  niger. 
Smaller  differences  appear  in  the  figures  for  hydrogen,  nitrogen, 
and  ash,  but  the  difference  in  all  cases  is  in  favor  of  PeniciUium 
glaucum. 

Balance  of  Products. — From  the  data  given  in  Tables  IV,  V,  VI, 
and  VII  for  xylose  consumed,  carbon  dioxide  produced,  and 
weight  and  percentage  composition  of  the  mycelium,  a  carbon 
balance  can  be  calculated.  The  results  are  given  in  Table  VIII 
and  show  that  from  90  to  95  per  cent  of  the  carbon  of  the  xylose 
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is  accounted  for  by  the  carbon  dioxide  and  mycelium.  The 
remainder  may  be  accounted  for  by  dissolved  carbon  dioxide, 
organic  acids,  and  other  fermentation  products.  Maz6  in  four 
experiments  with  Eurotyopsis  gayoni  recovered  in  the  metabo- 
lism products  from  88  to  97  per  cent  of  the  carbon.    In  the 

TABLE  VII. 

Elementary  Composition  of  Mycelium. 


Name. 

Age  of 
culture. 

Referred 

from 

Table. 

Carbon. 

Hydrogen. 

Nitrogen. 

Ash. 

clays 

percent 

percent 

percent 

percent 

A.  niger.  No.  4. 

9 

IV 

46.9 

8.00 

4.6 

"  sp.,  No.  1. 

14 

V 

47.3 

7.76 

4.7 

4.0 

"  niger,  No.  5. 

14 

V 

46.0 

6.97 

4.2 

5.6 

"      "       "    5. 

7 

VI 

44.5 

7.18 

4.5 

6.4 

"      "        "    5. 

28 

VI 

45.4 

4.2 

P.  glaucum,  No.  6. 

14 

V 

46.3 

7.50 

5.0 

5.9 

u           u                tt     a 

9 

VII 

50.7 

7.44 

5.7 

7.5 

u           tt                tt    a 

29 

VII 

49.7 

8.03 

5.9 

4.5 

TABLE  VIII. 

Balance  between  Carbon  of  Xylose  and  Carbon  of  Products. 


Name. 

Age  of 
culture. 

Re- 
ferred 

from 
Table. 

Carbon  contained  in 

Carbon 

Xylose. 

COt 

Myce- 
lium. 

Total 
products. 

recov- 
ered. 

A  gp.,  No.  1. 
"  niger t  No.  5. 
"       "        "    5. 

it          it           tt      c 

P.  glaucum,  No.  6. 

tt            a                it      a 
tt            it                tt      Q 

day  $ 

14 
14 

7 
28 
14 

9 
28 

V 

V 

VI 

VI 

V 

VII 

VII 

gm. 

0.80 
0.80 
1.37 
1.28 
0.59 
1.84 
1.28 

gm. 

0.493 
0.468 
0.568 
0.702 
0.351 
0.989 
0.890 

gm. 

0.267 
0.317 
0.636 
0.469 
0.185 
0.727 
0.363 

gm. 

0.760 
0.785 
1.214 
1.271 
0.536 
1.715 
1.253 

per  cent 

95.0 
98.0 
88.0 
91.0 
91.0 
93.0 
98.0 

single  experiment  which  he  carried  out,  Waterman  obtained  a 
figure  of  96  per  cent.  The  close  approach  to  100  per  cent  is  in 
harmony  with  previous  evidence  indicating  the  absence  of  any 
appreciable  quantities  of  oxalic  or  citric  acids. 

A  comparison  of  the  28  day  cultures  of  the  two  molds  shows  the 
same  relations  as  have  already  been  noted,  namely  more  carbon 
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converted  into  carbon  dioxide,  and  less  into  mycelium  by  PeniciU 
lium  glaucum  than  by  Aspergillus  niger. 

Ratios  of  Products  to  One  Another  and  to  Sugar  Consumed. — The 
relations  existing  between  the  products  of  metabolism  and  the 
compound  fermented  have  been  expressed  by  means  of  various 
ratios  or  percentages.  Such  terms  as  respiration  coefficient, 
economic  coefficient,  plastic  equivalent,  and  respiration  equivalent, 
have  been  introduced  into  the  literature.  Some  confusion  and 
lack  of  uniformity  in  the  employment  of  these  terms  exist.  In 
order  to  make  perfectly  clear  the  meaning  given  to  these  terms  in 

TABLE  IX. 

Relations  of  Metabolism  Products  to  One  Another  and  to  Sugar  Consumed. 


Age  of  culture,  days 

Respiration      coefficient, 
wt.  of  CO* 


wt.  of  dry  fungus 

Economic     coefficient, 
wt.  of  xylose  consumed 

wt.  of  dry  fungus 
Respiration    equivalent, 


C  of  CO, 


C    of    xylose 
Plastic  equivalent, 
C  of  fungus      joq 

C  of  xylose 


100. 


A. 

niger, 
No.  1. 


14 


3.2 


3.6 


62 
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A.  niger %  No.  5. 


14 


2.5 


2.9 


59 


40 


1.5 


3.5 


41 


47 


28 


2.5 


2.4 


55 


36 


P.  glaucum.  No.  6. 


14 


3.2 


3.7 


60 


31 


9 


2.5 


3.2 


54 


39 


28 


4.5 


4.4 


70 


28 


this  paper,  a  formula  is  placed  at  the  head  of  each  column  in  Table 
IX  to  show  how  the  different  values  were  obtained.  The  calcula- 
tions are  based  on  the  data  of  Tables  IV,  V,  VI,  and  VIII. 

The  respiration  coefficient  increases  and  the  economic  coefficient 
decreases  with  the  age  of  the  culture.  Both  ratios  are  greater 
for  PeniciUium  glaucum  than  for  Aspergillus  niger  and  express  by 
means  of  a  number  the  more  profuse  growth  of  Aspergillus  niger. 

Perhaps  the  most  interesting  relations  are  found  in  the  percen- 
tages of  carbon  converted  into  carbon  dioxide,  and  into  mold 
growth.  As  is  to  be  expected,  the  respiration  equivalent  in- 
creases and  the  plastic  equivalent  decreases  with  the  age  of  the 
culture.    In  the  early  stages  of  growth,  the  mold  stores  a  consider- 
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able  quantity  of  carbon  material  in  the  cells,  and  later  converts 
this  material  into  carbon  dioxide  and  other  products.  The 
respiration  equivalent  is,  therefore,  inversely  proportional  to  the 
plastic  equivalent. 

SUMMAEY. 

Of  the  25  species  of  molds  studied  16  were  found  to  ferment  the 
pentoses  with  rapidity.  Most  of  the  remaining  9  cultures  grew 
dowly  although  3  or  4  produced  only  a  few  mycelian  threads. 
The  best  fermenters  were  found  among  the  AspergiUi  and  Penicillia 
species  although  a  number  of  molds  of  these  types  attacked  the 
pentoses  but  slowly.  The  Mucors,  Rhizopus  nigricans,  and 
CunninghameUa,  were  also  found  to  be  very  slow  fermenters. 
From  these  results  it  is  suggested  that  pentoses  might  be  of  con- 
siderable value  in  the  separation  and  classification  of  fungi. 

4  or  5  days  sufficed  for  the  complete  destruction  of  4  per  cent 
solutions  of  the  sugars  with  the  most  active  forms  of  Aspergillus 
and  PeniciUium.  No  marked  difference  manifested  itself  in  the 
rates  of  fermentation  of  the  two  pentoses.  With  the  slower 
growing  molds,  xylose  seemed  to  be  slightly  superior  to  arabinose. 
Compared  with  glucose  the  two  pentoses  were  fermented  some- 
what less  rapidly. 

Carbon  dioxide  and  mycelium  represented  the  major  portion 
of  the  sugars  consumed.  Carbon  dioxide  represented  from  40  to 
70  per  cent  and  mycelium  from  28  to  47  per  cent  of  the  carbon  of 
the  xylose.  In  these  two  products  is  recovered  from  88  to  98  per 
cent  of  the  total  carbon  consumed. 

The  percentage  of  total  carbon  represented  by  carbon  dioxide 
varied  with  the  species  and  age  of  the  mold.  PeniciUium  glaucum 
produced  about  70  per  cent  as  much  mycelium  as  Aspergillus 
niger  and  about  25  per  cent  more  carbon  dioxide.  The  rate  of 
evolution  of  carbon  dioxide  production  was  also  faster  with 
PeniciUium  glaucum.  The  maximum  rate  of  carbon  dioxide 
production  was  reached  3  or  4  days  after  the  surface  of  the  liquid 
became  well  covered  with  mycelium. 

A  small  quantity  of  non-volatile  acid  was  formed,  but  the 
amount  was  insufficient  for  identification.  Tests  for  oxalic  and 
citric  acids  were  negative.  No  alcohol  or  volatile  acid  could  be 
detected. 

JOUBNAL  OV  BIOLOGICAL  CHBM1STBT,  VOL.  LIT,  NO.  1 


34  Fermentation  of  Pentoses  by  Molds 

Aspergillus  niger  produced  a  substance  volatile  at  room  tem- 
perature, which  discolored  sulfuric  acid.  This  discoloration  may 
be  due  to  the  substance  which  gives  the  mold  its  characteristic 
odor.    Penicillium  glaucum  did  not  produce  any  such  substance. 

An  analysis  of  the  dry  fungus  showed  that  Penicillium  glaucum 
contained  more  carbon,  hydrogen,  nitrogen,  and  ash  than  Aspergil- 
lus niger.  The  most  marked  difference  was  found  in  the  carbon 
content;  49  per  cent  for  Penicillium  glaucum  and  46  per  cent  for 
Aspergillus  niger.  About  5  per  cent  of  nitrogen  in  the  dry  fungus 
indicates  the  presence  of  a  considerable  quantity  of  organic 
nitrogenous  material  in  the  mold  growth.  The  ash  content  was 
also  found  to  be  about  5  per  cent. 
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Binger  (1)  in  1917  reported  the  production  of  tetany  in  dogs 
by  the  intravenous  injection  of  o-phosphates.    He  concluded  as 

follows. 

''When  the  phosphate  solution  is  injected  in  amounts  equivalent  to  150 
mgm.  phosphorus  per  kilogram  (of  body  weight)  the  serum  calcium  drops 
from  its  normal  level  of  10  mgm.  per  100  cc.  to  approximately  6  mgm. 

"At  this  level  a  condition  of  tetany  supervenes,  provided  the  neutral 
or  alkaline  salts  have  been  injected.  With  acid  phosphate  solutions,  the 
calcium  drop  occurs  unaccompanied  by  tetany." 

Jeppsson  and  Klercher  (2)  produced  electrical  excitability  in 
both  animals  and  children  by  feeding  large  amounts  of  alkaline 
phosphates  and  Howland  and  Marriott  (3)  and  others  have 
reported  the  production  of  tetany  by  the  oral  or  intravenous 
administration  of  sodium  bicarbonate.  In  a  study  of  the  inor- 
ganic constituents  in  the  serum  of  infants  with  tetany  it  was 
found  by  Kramer,  Tisdall,  and  Howland  (4)  that  the  concentra- 
tion of  sodium  in  the  serum  was  essentially  unaltered.  These 
authors  found  a  diminished  calcium  content  of  the  serum,  which 
they  considered  was  the  cause  of  the  increased  irritability  of  the 
neuromuscular  mechanism.  Collip  and  Backus  (5)  and  later 
Grant  and  Goldman  (6)  and  others  produced  tetany  in  the  adult 
by  prolonged  voluntary  hyperpnea.  No  diminution  in  the  cal- 
cium content  of  the  serum  was  found  by  the  latter  investigators. 

*  The  author  is  indebted  to  the  Committee  of  Experimental  Research 
m  Medicine  of  the  University  of  Toronto  for  the  animals  used  in  this 
investigation  and  the  facilities  afforded. 
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The  present  investigation  was  undertaken  in  an  endeavor  to 
determine  the  relation  of  some  of  the  different  inorganic  constit- 
uents of  the  serum  to  the  production  of  tetany.  Dibasic  sodium 
phosphate  (J.  T.  Baker)  and  phosphoric  acid  were  injected  in- 
travenously into  dogs,  the  time  required  for  each  injection  being 
about  1  hour.  The  effect  of  the  procedure  on  the  sodium,  po- 
tassium, calcium,  inorganic  phosphorus,  and  chlorine  content, 
and  the  pH  and  COr-combining  power  of  the  serum  were  then 
determined.  The  blood  was  removed  from  the  femoral  vein 
before  the  injection  was  begun,  and  1  hour  after  its  completion. 
It  was  collected,  under  oil,  the  serum  separated  and  the  CQt 
and  pH  determined  as  soon  as  possible.  The  C02  in  the  serum 
was  determined  directly  by  means  of  the  Van  Slyke  apparatus, 
without  bringing  it  into  equilibrium  with  the  alveolar  air.  The 
pH  was  determined  colorimetrically  by  a  method  devised  by 
Cullen  (7),  the  chlorine  by  a  combination  of  the  Van  Slyke  and 
Donleavy  (8)  and  Volhard  methods,  the  sodium,  potassium,  and 
calcium  by  methods  devised  by  Kramer  and  Tisdall  (9,  10,  11) 
and  the  inorganic  phosphorus  by  a  method  devised  by  the 
author  (12). 

The  dibasic  sodium  phosphate  was  injected  in  Dogs  1  to  4 
(Table  I)  while  the  phosphoric  acid  was  given  to  Dogs  5,  6,  and 
7.  The  phosphoric  acid  produced  no  apparent  toxic  effects. 
The  respirations  did  not  increase  above  30  per  minute  and  in  all 
the  dogs  the  pulse  remained  excellent  throughout.  After  the 
completion  of  the  injections  the  dogs  jumped  up  and  ran  about 
in  a  normal  manner.  No  later  ill  effects  were  observed.  On 
the  other  hand  the  dibasic  sodium  phosphate  produced  signs  of 
profound  toxemia.  The  respirations  were  increased  to  30  to 
100  per  minute  and  the  pulse  was  increased  to  125  to  180  per 
minute.  After  the  injection  the  dogs  had  great  difficulty  in 
standing,  and  vomited  at  frequent  intervals.  In  all  four  dogs 
some  twitching  of  the  facial  muscles  and  also  spasm  of  the  jaw 
muscles  occurred,  but  in  only  Dog  4  did  marked  twitching  of  the 
whole  body  (tetany)  occur.  The  dogs  were  carefully  observed 
for  6  to  7  hours  after  the  administration  of  the  phosphates  but 
no  essential  changes  occurred  in  their  condition.  On  the  morn- 
ing following  the  experiments,  Dogs  1,  3,  and  4  were  found  dead 
while  Dog  2  although  still  showing  signs  of  toxemia  was  found  to 
be  alive.    This  animal  recovered  perfectly. 
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It  is  seen  that  the  injection  of  the  dibasic  sodium  phosphate 
caused  some  twitching  in  all  four  dogs  although  a  condition  re- 
sembling active  tetany  occurred  in  only  one  dog.     After  the  in- 


Intratenou*   Injections  of  Dibasic  Sodium  Phosphate  and  Phosphoric  Acid, 
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jection  of  the  phosphoric  acid  no  signs  of  increased  irritability 
appeared.  It  is  not  unreasonable  to  consider  the  slight  muscular 
twitchingB  and  spasm  of  the  jaw  muscles  in  the  first  group  of 
animals  as  signs  of  incipient  tetany.1 

1  Binger  (1)  apparently  obtained  signs  of  active  tetany  in  every  instance 
when  he  injected  the  dibasic  phosphate  in  the  amounts  used  in  the  present 
study.    The  difference  in  the  results  obtained  might  be  due  to  the  osmotic 
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RESULTS. 

The  following  changes  in  the  blood  serum  were  found  to  occur 
after  the  intravenous  injection  of  dibasic  sodium  phosphate 
(Table  I):  (a)  A  reduction  of  the  calcium  from  an  average  of 
10.5  mg.'per  100  cc.  to  6.2  mg.;  (6)  an  increase  of  the  inorganic 
phosphorus  from  about  5.0  mg.  per  100  cc.  to  an  average  of  19.0 
mg.;  and  (c)  a  change  of  the  pH  from  7.40  to  7.50  in  one  dog  only. 

No  definite  increase  occurred  in  the  sodium  content  of  the 
Serum.  No  essential  change  occurred  in  the  concentration  of 
potassium  and  chlorine.  No  marked  change  occurred  in  the 
CO*  content  except  in  Dog  2,  in  which  it  was  increased  from  56 
to  84  volumes  per  cent. 

The  following  changes  occurred  in  the  blood  serum  after  the 
intravenous  injection  of  phosphoric  acid:  (a)  A  reduction  of 
the  calcium  from  an  average  of  10.4  mg.  per  100  cc.  to  6.1  mg.; 
(6)  an  increase  of  the  inorganic  phosphorus  from  about  5.0  mg. 
per  100  cc.  to  an  average  of  18.5  mg.;  (c)  a  decided  reduction  of 
the  sodium  and  the  COr-combining  power  of  the  serum;  and 
(d)  a  definite  increase  in  the  acidity  of  the  serum  in  two  of  the 
three  dogs. 

No  essential  change  occurred  in  the  potassium  and  chlorine. 

DISCUSSION. 

Reference  has  already  been  made  to  the  production  of  tetany 
in  normal  adults  by  prolonged  voluntary  hyperpnea  (5,  6). 
Collip  and  Backus,  and  Grant  and  Goldman  independently  ad- 
vanced the  following  theory  to  explain  this  phenomenon.    The 

excessive  breathing  "washes  out"  the  carbon  dioxide  from  the 

H2CO, 

blood.    This  tends  to  alter  the  normal  ratio  XT  T-r^^    (which  is 

NaHCOs 

one  of  the  important  factors  in  the  neutrality  mechanism  (13)), 

by  decreasing  the  numerator.    To  maintain  this  normal  ratio 

there  must  also  be  a  decrease  in  the  denominator.    This  necessi- 

pressures  of  the  phosphate  solutions.  The  solutions  used  by  Binger  were 
about  m/15  and  thus  contained  about  200  mg.  of  P  per  100  cc.  The  solution 
injected  into  Dogs  1  to  4  in  the  present  experiment  contained  respectively 
438,  514,  430,  and  430  mg.  of  P  per  100  cc,  which  makes  them  considerably 
more  hypertonic  than  those  used  by  Binger. 
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tates  a  rapid  excretion  of  sodium  bicarbonate  from  the  blood,  and 
if  this  is  not  excreted  rapidly  enough  by  the  kidneys,  the  excess 
according  to  this  theory  is  absorbed  by  the  tissues.  Thus  there  is 
an  increase  in  the  tissues  of  the  irritating  sodium  salt  and  tetany 
results. 

If  we  apply  this  theory  to  the  present  work  in  which  the  di- 
basic sodium  phosphate  was  injected  we  would  then  consider 
that  the  excess  of  sodium  phosphate  which  could  not  be  excreted 
in  such  a  short  time  was  absorbed  by  the  tissues.  The  calcium 
in  the  tissues  was  probably  diminished  in  an  attempt  to  come 
in  equilibrium  with  the  lower  content  in  the  serum  which  was 
produced  by  the  injected  phosphorus.  Thus  the  increased  sodium 
combined  with  a  lowered  calcium  resulted  in  the  production  of 
tetany. 

Not  the  slightest  signs  of  tetany  were  produced  in  Dogs  5,  6, 
and  7,  by  the  injection  of  phosphoric  acid.  In  these  animals 
the  calcium  was  reduced  and  the  inorganic  phosphorus  increased 
to  about  the  identical  levels  present  in  the  first  four  dogs,  which 
received  the  sodium  phosphate.  However,  the  sodium  in  the 
serum,  and  no  doubt  in  the  tissues,  was  lowered  in  the  process  of 
neutralization  and  excretion  of  the  injected  acid.  This  lowered 
sodium  apparently  explains  the  absence  of  tetany  after  the  in- 
jection of  phosphoric  acids. 

It  has  been  found  by  Loeb  (14),  Mathews  (15),  and  others  that 
the  anions  are  not  without  an  effect  on  the  maintenance  of  a 
normal  irritability  of  the  muscle  and  nerve  cells.  Loeb  found 
that  when  the  minimal  stimulating  concentration  of  sodium 
chloride  was  0.0625  M,  the  same  effect  was  produced  by  an  0.0625 
to  0.03125  m  solution  of  sodium  bicarbonate  and  a  m/128  solution 
of  dibasic  sodium  phosphate.  In  the  present  experiment  there 
is  no  evidence  that  the  phosphates  have  any  definite  effect  in 
the  production  of  tetany  such  as  the  work  of  Loeb  would  indicate. 

In  some  of  the  dogs  a  definite  change  occurred  in  the  pH  of 
the  serum.  Attention  has  been  drawn  to  the  fact  that  calcium 
salts  tend  to  become  less  ionized  in  alkaline  solutions  (16).  The 
converse  is  true.  It  is  highly  improbable,  however,  that  the 
presence  or  absence  of  tetany  was  due  to  a  decreased  or  increased 
ionization  of  the  calcium  salts. 
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The  theory  advanced  by  Collip  and  Backus  and  Grant  and 
Goldman  offers  an  adequate  explanation  for  the  development  of 
tetany  after  the  administration  of  sodium  bicarbonate  reported 
by  Howland  and  Marriott  (3)  and  Harrop  (17).  In  the  cases 
(infants)  reported  by  Howland  and  Marriott  there  is  considerable 
evidence  that  the  kidney  function  was  not  normal  (diagnoses, 
burn,  severe  diarrhea,  and  pyelitis).  Harrop's  patient  was  an 
adult  with  anuria.  Applying  this  theory,  we  may  assume  that 
tetany  may  be  produced  by  a  retention  of  sodium  salts  due  to 
either  a  defective  action  of  the  kidneys  or  the  injection  of  large 
quantities  of  sodium  under  such  conditions  that  the  normal  kid- 
ney action  cannot  remove  it  rapidly  enough  from  the  body  to 
prevent  an  accumulation  in  the  tissues. 

Gastric  Tetany. 

It  is  of  interest  to  note  the  blood  changes  which  occur  in  gastric 
tetany.  MacCallum  and  his  coworkers  (18)  produced  tetany 
in  dogs  by  obstruction  of  the  pylorus.  These  investigators  found 
that  with  the  production  of  tetany  there  was  an  increase  in  the 
CQr-combining  power  of  the  plasma  and  a  decrease  in  the  chlorides. 
In  somewhat  similar  experiments  Hastings,  Murray,  and  Mur- 
ray (19)  also  found  an  increase  in  the  C02-combining  power  of 
the  plasma  and  a  decrease  in  the  chlorides.  In  addition  the 
sodium  in  the  serum  was  found  to  be  decreased  (in  two  out  of 
three  dogs)  and  the  calcium  slightly  increased.  During  the  past 
2  years,  the  author  has  had  the  opportunity  of  estimating  the 
calcium  in  the  serum  in  two  patients  with  gastric  tetany.  In 
both  cases  the  calcium  content  was  normal:  10.0  and  10.6  mg. 
per  100  cc.  In  one  case2  the  sodium,  potassium,  chlorine,  and 
COs-combining  power  of  the  serum  were  also  determined.  The 
concentrations  found  in  this  case  and  the  average  normal  values 
per  100  cc.  of  serum  are  as  follows:  Na  287  mg.,  normal  335  mg.; 
K  10.6  mg.,  normal  20.0  mg.;  CI  215  mg.,  normal  360  mg.;  CO*- 
combining  power  103  volumes  per  cent,  normal  65  volumes 
per  cent. 

1  This  was  an  adult  patient  in  the  Johns  Hopkins  Hospital,  Baltimore. 
The  author  is  indebted  to  Dr.  W.  W.  Palmer  for  the  chlorine  and  CO*  values 
which  were  determined  in  his  laboratory.  The  calcium  and  potassium 
concentrations  were  determined  by  the  author  in  the  laboratory  of  the 
Department  of  Pediatrics,  Johns  Hopkins  University. 
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It  is  seen  that  the  sodium-calcium  ratio  is  disturbed  in  the 
opposite  direction  to  that  which  occurs  in  other  types  of  tetany. 
Probably  the  most  significant  change  is  the  marked  increase  in 
the  bicarbonate  anion.  The  importance  of  this  anion  has  been 
emphasized  by  Collip  (16)  who  considers  it  may  have  a  specific 
action  in  the  production  of  tetany. 

It  is  thus  evident  that  tetany  may  develop  notwithstanding 
a  diminished  ratio  of  sodium  to  calcium  in  the  serum. 

CONCLUSIONS. 

1.  The  sodium-calcium  ratio  is  the  important  factor  in  the 
production  of  tetany,  with  the  exception  of  the  gastric  type. 

2.  Gastric  tetany  is  not  due  to  a  disturbance  of  the  sodium- 
calcium  ratio  but  apparently  to  an  increase  of  the  bicarbonate 
ion. 

3.  No  evidence  has  been  found  that  the  calcium-phosphorus 
ratio  has  any  influence  on  the  production  of  tetany. 
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STUDIES  OF  HUMAN  MIXED  SALIVA. 
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INTRODUCTION. 

Variations  in  the  composition  of  human  mixed  saliva,  i.e. 
saliva  as  it  normally  is  found  in  the  mouth,  consisting  of  a 
mixture  of  the  secretions  of  the  submaxillary,  subungual,  parotid, 
and  buccal  glands,  have  beep  noted  in  various  conditions  of 
health  and  disease  by  countless  investigators.  The  salivary 
reaction,  particularly,  has  been  the  subject  of  many  reports  for 
almost  a  century. 

In  1835,  Donne"  (1)  reported  that  although  he  found  the  saliva  normally 
alkaline  to  litmus,  he  had  found  it  acid  in  many  diseases,  including  encepha- 
litis. In  1844,  Wright  (2)  attempted  to  elaborate  a  diagnostic  system  of 
salivary  analysis.  About  the  same  time,  Simon  (3)  wrote  at  length  on 
"morbid  saliva"  as  distinct  from  "normal."  Among  other  studies  of  a 
similar  character  were  those  of  Binet  (4)  in  1884,  Sticker  (5)  in  1889,  Die- 
minger  (6)  in  1898,  Michaels  (7)  in  1902,  and  Fleckseder  (8)  in  1916.  Since 
1901,  Kirk  has  been  the  chief  exponent  of  the  concept  of  "the  saliva  as  an 

*  This  investigation  was  undertaken  at  the  request  and  with  the  coopera- 
tion of  the  Directors  of  the  Psychological  Laboratory  and  Clinic  of  this 
university,  to  determine  if  the  salivary  reaction  might  be  of  value  as  an 
addition  to  the  usual  clinical  tests  and  measurements  employed  in  making 
a  psychological  diagnosis. 

The  writer  desires  to  express  his  sincere  thanks  for  their  kindly  criti- 
cism, advice,  and  cooperation  to  Dr.  Glenn  E.  Cullen,  Dr.  Edward  C.  Kirk, 
Dr.  John  Marshall,  Dr.  E.  B.  Twitmyer,  and  Dr.  Lightner  Witmer.  The 
advice  of  Dr.  Cullen,  particularly  with  reference  to  the  technique  employed 
for  pH  and  CO>  determinations  and  in  the  preparation  of  the  manuscript, 
has  been  especially  helpful  and  is  greatly  appreciated. 
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index  of  faulty  metabolism"  (primarily  in  relation  to  the  etiology  of  dental 
caries)  and  has  conducted  and  fostered  many  investigations  (9-14).  In 
1916,  Marshall  (15-19)  studied  the  salivary  reaction  in  various  physiological 
and  pathological  conditions,  including  dementia  precox  and  epilepsy,  by 
means  of  a  titration  technique  ("salivary  factor"  and  "total  neutralizing 
power")  which  he  had  developed  for  the  study  of  dental  caries.  In  1918, 
Ludlum  (20)  reported  two  sets  of  litmus  paper  reactions  of  successive 
specimens  of  saliva  derived  from  two  subjects  whom  he  regarded  as  repre- 
senting different  types  of  insanity.  The  chemistry  of  the  saliva,  espe- 
cially as  a  factor  in  dental  hygiene,  and  the  quantitatively  determined 
salivary  reaction  in  relation  to  the  nature  of  substances  taken  into  the  oral 
cavity,  has  been  intensively  studied  by  Gies  (21-28),  Pickerill  (29),  and 
Prinz  (30-32).  Since  1919  Sullivan  and  his  colleagues  (33,  34)  have  been 
investigating  the  saliva  of  pellagra  patients  at  various  stages  of  the  disease, 
employing  refined  quantitative  methods,  with  especial  reference  to  sul- 
focyanate  content. 

The  peculiarly  contradictory  findings  of  many  investigators, 
the  innervation  of  the  salivary  glands  by  both  cranial  and  sym- 
pathetic nerves,  and  the  variation  in  quality  and  quantity  of 
secretion  depending  upon  the  nerve  stimulated  (see  Heidenhain 
(35)  and  Langley  (36)) ;  the  adaptation  of  secretion  to  the  ingested 
substance  and  the  reflex  secretion  arising  from  purely  psychic 
stimuli  (Pawlow,  37) ;  together  with  the  dry  mouth  of  fear  (con- 
sidered by  Cannon,  38)  and  the  drooling  of  the  idiot: — these  factors 
render  the  problem  of  correlation  between  salivary  composition 
and  metabolic  disorder  a  promising  field  for  research. 

Almost  all  of  the  investigators  mentioned  were  interested  in 
the  salivary  reaction  as  the  principal  variant.  The  early  investi- 
gators employed  the  crude  litmus  paper  test,  reporting  specimens 
simply  as  "acid"  or  "alkaline."  Probably  the  first  reliable 
quantitative  determination  of  the  degree  of  acidity  or  alkalinity 
of  human  mixed  saliva  was  that  of  Chittenden  and  Ely  (39)  who, 
in  1883,  found  the  average  alkalinity  for  fifty-one  specimens  as 
determined  by  titration  with  cochineal  as  indicator,  to  be  0.08 
per  cent  "expressed  as  sodium  carbonate." 

A  subsequent  series  by  Chittenden  and  Smith  (40)  published  in  1885 
gave  a  mean  of  0.097  per  cent  similarly  expressed.  Schlesinger  (41)  ob- 
tained somewhat  lower  findings,  reporting,  in  1891,  an  average  of  0.032  per 
cent,  also  expressed  as  sodium  carbonate.  Other  investigators  have  re- 
ported on  the  alkalinity  of  the  saliva  expressed  in  terms  of  sodium  hydrox- 
ide, among  which  may  be  mentioned  Szabo  (42)  who,  in  1900,  found  the 
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alkalinity  of  the  saliva  to  vary  between  0.058  and  0.064  per  cent.  Conn  (43) 
also  in  1900,  reported  the  alkalinity  as  varying  from  0.002  to  0.048  per  cent 
expressed  as  NaOH.  Probably  the  most  extensive  series  of  determinations 
of  both  "acidity"  and  "alkalinity"  of  human  mixed  saliva  was  that  con- 
ducted by  Gies  (26)  in  1916.  In  his  report,  Gies  makes  the  statement  that 
his  results  "have  shown  that  salivary  secretion  varies,  both  qualitatively 
and  quantitatively,  within  limits  that  are  independent  of  any  mechanical 
stimulus  or  any  dental  condition" — a  highly  suggestive  observation  from 
the  point  of  view  of  the  present  investigation. 

In  each  of  the  above  mentioned  researches,  all  quantitative  determina- 
tions were  made  by  titration,  the  indicators  most  frequently  employed 
being  litmus,  cochineal,  lacmoid,  methyl  orange,  p-nitrophenol,  and 
phenolphthalein.  The  work  was,  consequently,  on  the  "quantity  factor" 
rather  than  the  "intensity  factor"  of  the  acidity. 

Very  few  investigations  of  the  actual  hydrogen  ion  concentration  of 
saliva  have  been  reported.  Foa  (44)  is  usually  cited  in  this  connection, 
and  his  findings,  by  the  electrometric  method,  were  reported  in  1906.  He 
found  the  mixed  saliva  before  and  after  eating  to  have  a  hydrion  concen- 
tration corresponding  respectively  to  pH  8.2  and  8.3. 

Kirk  (12)  published  a  series  of  determinations  made  by  means  of  the 
Hildebrand  hydrogen  electrode  in  1914.  His  findings  were  pH  7.9,  5.6, 
6.4,  7.7,  8.1,  7.5,  6.4,  6.2,  and  8.6. 

Michaelis  and  Pechstein  (45)  in  the  course  of  an  investigation  of  con- 
ditions affecting  the  activity  of  salivary  diastase,  in  1914,  reported  electro- 
metric  determinations  of  the  hydrion  concentration  of  three  samples  of 
saliva,  undiluted;  two  samples  diluted  with  "gewohnlichem"  distilled 
water  (presumably  containing  some  C02) ;  and  one  specimen  diluted  with 
recently  boiled  freshly  distilled  water  (i.e.,  approximately  carbon  dioxide- 
free).  In  each  instance  of  dilution  1  volume  of  saliva  was  diluted  with 
9  volumes  of  water.  Their  results  were:  undiluted  saliva,  pH  6.79,  6.91, 
and  6.92;  saliva  diluted  with  "gewohnlichem"  distilled  water,  pH  6.65  and 
6.34;  saliva  diluted  with  freshly  boiled  recently  distilled  water,  pH  7.01. 
Their  conclusion  (Michaelis  and  Pechstein  (45),  p.  92)  is  "Da  die  neutrale 
Reaktion  bei  7.07  (18°)  liegt,  so  ist  also  der  Speichel  leicht  sauer." 

A  careful  study  of  the  literature  has  revealed  only  the  above 
cited  researches  of  Foa,  Kirk,  and  Michaelis  and  Pechstein  as 
stating  definitely  the  hydrion  concentration  of  human  saliva, 
electrometrically  determined.  As  to  colorimetric  determinations, 
Graham  (46)  made  some  pH  determinations  in  an  investigation 
of  litmus  as  an  indicator  of  the  salivary  reaction  within  certain 
limits.  In  1920,  Bloomfield  and  Huck  (47)  in  the  course  of  an 
investigation  of  the  bacteria  of  the  oral  cavity,  colorimetrically 
determined  the  pH  of  a  number  of  specimens  of  saliva.  Unfor- 
tunately in  the  former  investigation  the  saliva  was  dialyzed  and 
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in  the  latter  it  was  centrifuged,  both  procedures  no  doubt  resulting 
in  loss  of  CO2  and  resultant  increase  in  pH,  as  indicated  in  a 
subsequent  section.  It  is  of  interest  to  note  in  this  connection 
that  in  1916  Gies  pointed  out  that  centrifugation  of  mixed  saliva 
results  in  increase  of  the  supernatant  liquid's  alkalinity  to 
phenol phthalein  (25). 

The  suggestive  fluctuations  of  the  "quantity  factor"  of  acidity 
of  mixed  saliva  as  reported  by  many  investigators,  the  meagerness 
of  data  upon  the  "intensity  factor"  or  hydrion  concentration, 
especially  as  regards  colorimetric  determinations  thereof,  together 
with  a  realization  of  the  ease  with  which  such  determinations  might 
be  made  by  adapting  the  technique  instituted  by  S0rensen  (48), 
Henderson  and  Palmer  (49),  Clark  (50),  and  Cullen  (51,  52)  led 
directly  to  the  experiments  reported  in  this  article. 

EXPERIMENTAL. 

Methods. 

The  method  which  has  been  found  most  satisfactory  and  which 
has  been  employed  throughout  the  present  investigation  (except 
when  otherwise  stated  in  the  text)  is  briefly  as  follows. 

The  saliva  is  collected  under  oil1  in  a  clean  receiver.  1  cc.  is  then  re- 
moved by  means  of  a  pipette  and  transferred  to  a  test-tube  containing  9  cc. 
of  freshly  boiled  distilled  water  (pH  6.6  to  6.7)  and  1  cc.  of  0.01  per  cent 
aqueous  solution  of  dibromothymolsulfonephthalein  also  under  oil.  The 
saliva  and  diluent  are  then  mixed  thoroughly  by  stirring  with  the  flattened 
end  of  a  glass  rod  beneath  the  level  of  the  supernatant  oil  layer.1  After 
the  diluted  saliva  is  of  uniform  virage  throughout,*  the  pH  is  determined 
by  comparison  with  suitable  standards  against  a  milk-glass  background. 

Notes, 

1.  Preliminary  to  using  any  article  coming  into  contact  with  the  saliva 
— test-tube,  pipette,  etc. — it  is  washed  and  rinsed  thoroughly  with  dis- 
tilled water  and  then  tested  with  a  few  cc.  of  dilute  indicator  solution 
(e.g.,  0.001  per  cent  brom- thymol  blue). 

1  As  in  Cullen 'a  method  for  determination  of  plasma  pH  (see  Cullen, 
G.  E.,  /.  Biol  Chem.,  1922,  Hi,  501). 

1  The  term  "virage"  was  suggested  by  S0rensen  and  adopted  by  Clark 
(Clark,  W.  M.,  The  determination  of  hydrogen  ions,  Baltimore,  1920,  38). 
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2.  When  distilled  water  was  boiled  vigorously  for  a  few  minutes  and 
then  allowed  to  cool  to  about  18°C.  in  a  tightly  closed  glass-stoppered 
flask,  the  pH  was  approximately  pH  6.6  to  6.7.  Further  boiling  may  result 
in  a  higher  pH.  However,  pH  6.6  to  6.7  has  been  chosen  as  standard  for 
the  water  employed  in  this  investigation,  as  it  is  more  readily  attained 
and  maintained  than  is  a  higher  pH  value. 

3.  Brom-thymol  blue  as  employed  serves  very  well  for  the  determination 
of  hydrion  concentrations  between  pH  5.2  and  7.2,  thus  including  the  nor- 
mal range  of  salivary  pH.  For  values  above  pH  7.00  phenol  red  (0.005  per 
cent)  has  been  employed  to  advantage  in  the  same  manner.  The  actual 
quantity  of  indicator  added  is  such  as  to  give  quite  distinguishable  virages 
over  the  range  above  indicated.  The  percentage  of  the  solution  employed 
is  such  that  1  cc.  may  be  added  instead  of  the  usual  drop  or  drops.  1  cc. 
may  be  measured  more  accurately  by  means  of  a  pipette  than  can  a  drop 
by  means  of  a  rod  or  dropper.  Moreover,  the  solution  is  thereby  rendered 
so  dilute  that  a  slight  error  in  the  measurement  thereof  will  have  but  a 
negligible  effect  upon  the  total  amount  of  indicator  added,  thus  tending 
to  keep  more  nearly  standard  the  conditions  of  intensity  and  brilliance  of 
virage. 

In  lieu  of  preparing  for  each  test  a  mixture  of  1  cc.  of  indicator  and  9  cc. 
of  distilled  water  (pH  6.6  to  6.7),  10  cc.  of  a  stock  indicator  solution  of 
one-tenth  the  strength  of  that  cited  may  be  employed,  in  which  case  the 
pH  of  the  diluent  is  obvious  without  further  testing. 

4.  S0rensen,8  standards  of  m/15  primary  potassium  phosphate  and 
secondary  sodium  phosphate  solutions,  prepared  from  Merck's  chemicals 
were  employed.  They  covered  the  range  from  pH  5.0  to  8.0  at  intervals 
of  0.1  pH.  Headings  were  made  to  0.05  pH.  Each  standard  is  prepared 
in  a  manner  similar  to  that  employed  for  the  salivary  pH  determinations 
and  is  kept  sealed  in  hard  glass  ampules  for  more  or  less  "permanent"  use. 
It  is  necessary  to  check  up  the  series  from  time  to  time  by  comparison  with 
freshly  prepared  standards — a  precaution  employed  weekly  during  the 
present  investigation. 

The  use  of  the  Walpole  comparator,  or  the  method  of  superposition,  is 
seldom  necessary  as  the  saliva  is  but  rarely  colored.  It  is,  however,  fre- 
quently quite  turbid  and  it  is  because  of  this  interfering  turbidity  that 
dilution  and  the  milk-glass  backing  are  employed. 

Dilution. — The  saliva  is  diluted  in  the  ratio  of  1  :  9  with  dis- 
tilled water,  which  is  practically  the  same  dilution  as  employed 
by  Michaelis  and  Pechstein  (45)  and  also  by  Bloomfield  and  Huck 
(47).  To  determine  the  effect  of  such  dilution  upon  the  salivary 
pH,  a  quantity  of  saliva  was  collected  under  oil  and  portions  of 
it  were  transferred  by  means  of  a  pipette  to  a  series  of  test-tubr  a 
containing  (also  under  oil)  such  amounts  of  distilled  water  as  to 
render  the  proportion  of  saliva  to  water  successively:  1  part  of 
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saliva  to  0,  1,  3,  5,  7,  9,  12,  15,  and  20  parts  of  water.  In  eac 
tube  there  had  been  previously  placed  and  mixed  with  the  wate 
such  a  quantity  of  0.01  per  cent  brom-thymol  blue  solution  the 
the  indicator  was  always  present  in  the  proportion  of  1:10  wit 
respect  to  the  total  quantity  of  diluted  saliva.  Fifty  specimen 
of  saliva  were  thus  investigated.  The  results  are  indicated  i 
Fig.  1.  The  initial  pH  of  the  salivas  examined  ranged  from  5.9 
to  6.85.    Temperature  was  at  all  times  between  18  and  20°C. 
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Fig.  1.  Dilution  curve  of  human  mixed  saliva.  Increases  in  pH  give 
in  0.01  pH  terms,  are  average  values.  The  mean  deviation  from  the  avei 
age  increase  at  plateau  level  was  less  than  0.05  pH. 

It  is  evident  that  the  saliva  undergoes  a  slight  increase  in  pi 
on  dilution  up  to  a  proportion  of  1:3  or  1:5,  when  a  plateau  i 
reached  and  maintained  at  least  until  the  dilution  is  1 :  12.  Th 
slight  increase  noted  (in  94  per  cent  being  0.05  pH  or  less  )  is  o 
relatively  little  importance  in  this  investigation,  inasmuch  a 
readings  were  made  only  to  0.05  pH. 

It  should  be  noted,  however,  that  dilution  of  the  saliva  in  the  ratio  of  1 : 
was  accompanied  by  an  increase  in  30  per  cent  of  the  specimens  of  0.0 
pH  and  6  per  cent  increased  0.10  pH.  The  values  of  pH  found  by  thi 
method  of  dilution  should,  therefore,  probably  be  reduced  by  0.05  pH  to 
obtain  a  value  more  closely  approximating  that  of  the  undiluted  saliva 
As  to  the  actual  hydrion  concentration  corresponding  to  the  values  fount 
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by  the  colorimetric  method,  no  definite  formula  can  be  given,  inasmuch  as 
electrometric  determinations  to  correlate  the  methods  (involving  deter- 
mination of  protein  error)  have  not  yet  been  made.  In  the  light  of  Cullen's 
work  on  the  colorimetric  determination  of  the  pH  of  blood  plasma  (52), 
it  is  probable  that  the  method  herein  described  yields  somewhat  too  high 
pH  values.  In  the  present  investigation,  however,  this  is  of  relatively 
slight  import  inasmuch  as  the  determinations  were  made  for  comparison 
of  pH  value  found  for  different  specimens  of  saliva  when  the  same  method 
was  employed. 

Collection  of  Specimen.    Influence  of  Paraffin  as  Activator. 

The  work  of  Gies,  Marshall,  and  others  indicates  that  "acti- 
vated" saliva  is  quantitatively  more  alkaline  than  "normal  resting 
saliva."  Although  it  appeared  most  probable  that  the  same 
conditions  would  be  found  with  regard  to  the  salivary  pH,  the 
assistance  which  paraffin  might  give  in  facilitating  the  collection 
of  specimens  in  quantity  rendered  it  advisable  to  make  a  defi- 
nite trial  of  its  usefulness. 

Each  subject  was  seated  comfortably  before  a  rack  containing  three 
test-tubes,  each  containing  about  1  cc.  of  oil  and  a  thistle  tube  leading 
below  the  surface  of  the  oil.  The  saliva  was  allowed  to  accumulate  in  the 
mouth  during  5  minute  periods,  during  which  time  the  mouth  was  kept 
closed.  The  first  sample  was  taken  5  minutes  after  the  subject  had  seated 
himself  and  allowed  the  saliva  to  collect  normally  prior  to  ejecting  it 
through  the  funnel  tube  into  the  test-tube  below  the  surface  of  the  oil. 
After  ejection  of  the  first  sample,  the  subject  was  at  once  given  a  paraffin 
cube,  previously  tested  for  neutrality,  which  he  chewed  fairly  vigorously 
for  a  second  5  minute  period.  He  then  ejected  the  accumulated  saliva, 
removed  the  paraffin  and  "rested"  10  minutes,  when  he  again  allowed  the 
saliva  to  accumulate  normally,  ejecting  it  at  the  expiration  of  the  third 
5  minute  period.  The  salivary  pH  was  always  determined  immediately 
after  ejection.  The  results  thus  obtained  in  a  series  of  ten  experiments  on 
five  subjects  appear  in  Table  I. 

The  data  in  Table  I  show  clearly  that  the  use  of  even  so  inert 
an  activator  as  paraffin  is  precluded  in  obtaining  specimens  of 
saliva,  inasmuch  as  in  every  instance  its  use  resulted  in  an  increase 
in  pH  of  from  0.10  to  0.60  pH.  In  each  instance,  it  may  also  be 
noted,  the  pH  decreased  to  approximately  its  initial  value  after 
removal  of  the  paraffin  and  10  minute  rest. 
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TABLE  I. 

The  Effect  of  Chewing  upon  the  Salivary  pH. 


Subject. 

Reaction  of  human  mixed  saliva  collected  in  5  min.  periods. 

Before  chewing. 

While  chewing. 

10  min.  after  chewing. 

IFT 

KH 

KN 
IG 

BMT 

pll 
6.40 

6.65 

6.25 
6.35 

6.40 

6.40 
6.85 

6.75 
6.85 
6.90 

pH 
6.95 

6.85 

6.85 
6.70 

6.75 

6.70 
7.05 

6.95 
7.00 
7.00 

pH 
6.55 

6.60 

6.30 
6.30 

6.55 

6.35 
6.75 

6.80 
6.80 
6.85 

Treatment  of  Specimen  after  Ejection. 

Experiments  were  made  to  determine  how  long  after  ejection 
from  the  mouth  human  mixed  saliva  may  be  exposed  to  air  at 
ordinary  temperatures  without  undergoing  change  in  hydrion 
concentration.  It  appeared  probable  that  the  salivary  pH  would 
increase  more  or  less  rapidly  from  loss  of  CO2,  and  that  this  loss 
would  be  prevented  by  covering  the  saliva  with  oil,  a  precaution 
found  necessary  by  Bloomfield  and  Huck  (47). 

Each  subject  was  instructed  to  retain  the  saliva  as  it  collected  naturally 
in  his  mouth  until  he  had  a  "mouthful"  and  then  to  eject  it  into  a  small 
thistle  tube  leading  below  the  surface  of  a  few  cc.  of  oil  in  a  clean  test- 
tube,  in  the  usual  manner.  The  quantity  varied  with  different  individuals, 
some  apparently  regarding  1  cc.  as  a  "mouthful,"  while  others  furnished 
as  much  as  10  cc.  at  a  single  ejection.  With  care,  about  5  cc.  could  usually 
be  collected.  The  pH  of  the  saliva  was  determined  immediately  after 
ejection.  Approximately  half  of  the  saliva  was  then  drawn  by  means  of 
a  pipette  from  below  the  surface  of  the  oil  and  placed  in  a  similar  test-tube 
exposed  to  the  air.  At  intervals  the  pH  of  the  saliva  in  each  tube  was 
determined  until  the  supply  of  the  particular  specimen,  exclusive  of  dregs, 
was  exhausted. 

Twelve  specimens  were  thus  examined.  Only  two  of  those 
which  were  under  oil  showed  any  increase  after  standing  for  20 
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minutes,  and  they  increased  by  but  0.05  pH.  Of  the  portion 
exposed  to  the  air,  all  had  increased  after  20  minutes  exposure  from 
0.05  to  0.40  pH,  and  three-fourths  of  them  increased  0.05  to 
0.10  pH  after  but  2  minutes  exposure. 

It  is  obvious,  therefore,  that  mixed  saliva  speedily  increases  in 
pH  when  allowed  to  stand  exposed  to  air  at  ordinary  room  tem- 
peratures, and  that  oil  employed  as  indicated  in  the  preceding 
description  of  the  general  method  is  a  necessary  and  adequate 
protection. 

Determinations  without  Oil.  Method  B. — In  certain  investigations  in 
the  earlier  stages  of  the  present  research  oil  was  not  employed  and  the 
saliva  was  mixed  with  diluent  and  indicator  by  pouring  rapidly  from  one 
test-tube  into  another  for  a  period  of  less  than  1  minute.  This  resulted 
uniformly  in  loss  of  COj  and  increase  in  pH,  as  shown  by  the  results  of  a 
series  of  100  parallel  determinations  made  in  this  manner  and  by  the  method 
employing  oil  as  described  in  the  text.  The  average  increase  was  0.15  pH, 
and  the  average  deviation  therefrom  was  less  than  0.05  pH.  Since  the 
dilution  effect  is  approximately  0.05,  the  findings  of  the  non-oil  method, 
as  employed,  may  be  regarded  as  uniformly  0.20  pH  higher  than  the  pH 
of  the  original  undiluted  saliva.  Findings  obtained  by  this  method  will 
be  reported  in  certain  instances  in  this  series,  but  will  always  be  accom- 
panied by  the  statement  that  they  were  obtained  by  the  non-oil  method. 

It  should  be  noted  that  the  non-oil  method  is  not  recommended,  for 
lack  of  care  in  mixing,  or  undue  prolongation  of  the  pouring  can  lead  to  an 
error  of  0.45  pH,  or  more.  0.15  pH  is  presented  as  the  increase  arising 
from  the  method  as  employed  in  this  investigation. 

Centrifugation. — Since  simple  exposure  to  air  results  in  loss  of 
COj  and  consequent  increase  in  pH,  it  would  seem  evident  that 
centrifugation,  in  the  usual  manner,8  results  in  even  greater  loss  of 
COj.  In  1916,  Gies  (26)  reported  that  centrifugation  of  saliva 
results  in  decreased  acidity  of  the  supernatant  layers  to  phenol- 
phthalein  and  increased  acidity  at  the  lower  levels.  The  following 
determinations  were  carried  out  to  determine  the  effect  of  centrifu- 
gation on  mixed  saliva,  in  terms  of  pH. 

20  cc.  of  mixed  saliva  were  collected  from  each  subject,  who  was  allowed 
to  eject  several  "mouthfuls"  to  obtain  that  quantity.  The  saliva  was  col- 
lected below  a  2  cc.  layer  of  oil  in  a  graduated  25  cc.  cylinder  in  which  had 

1  For  adequate  measures  to  be  employed  in  the  centrifugation  of  carbon 
dioxide-containing  solutions  to  avoid  loss  of  carbon  dioxide,  see  Cullen, 
G.  E.,  /.  Biol.  Chem.,  1922,  lii,  508. 
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been  placed  2  cc.  of  the  brom-thymol  blue  solution,  the  ejections  being 
made  into  a  funnel  tube  leading  below  the  level  of  the  oil.  When  the 
desired  amount  of  saliva  had  been  collected  it  was  thoroughly  mixed  with 
the  indicator  by  stirring  in  the  usual  manner.  11  cc.  were  then  trans- 
ferred by  means  of  a  pipette  to  a  15  cc.  centrifuge  tube  containing  1  co. 
of  oil,  below  which  the  saliva  and  indicator  mixture  were  introduced.  The 
tube  was  then  stoppered  tightly  with  a  rubber  cork  leaving  an  air-space  of 
about  2  cc.  A  second  11  cc.  portion  was  placed  in  a  similar  centrifuge  tube 
without  a  protective  oil  layer  and  uncorked.  The  pH  was  determined  by 
comparison  with  standards  in  the  same  type  of  centrifuge  tubes.  Both 
tubes  containing  saliva  were  then  centrifuged  for  10  minutes  at  the  rate 
of  2,500  revolutions  per  minute,  when  they  were  removed,  the  pH  of  each 
was  again  determined  and  any  difference  in  pH  at  different  levels  in  the 
tubes  carefully  noted.  The  sediment  was  then  stirred  thoroughly  with  the 
supernatant  liquid  in  each  tube  and  the  pH  again  determined. 

This  procedure  was  repeated  on  ten  specimens  obtained  from 
four  subjects.  The  initial  pH  values  of  the  specimens  ranged  from 
pH  6.55  to  6.85.  After  centrifugation,  all  the  specimens  showed 
an  increase  in  pH  of  the  supernatant  liquid.  In  the  open  tubes, 
the  increment  was  from  0.15  to  0.55  pH  and  averaged  0.30.  In 
the  stoppered  tubes  the  increment  was  from  0.05  to  0.20,  averaging 
less  than  0.15  pH.  No  definite  pH  value  can  be  given  for  the 
lowest  stratum  of  semisolid  material  which  displayed  a  virage 
considerably  below  the  limits  of  accuracy  of  the  indicator  employed ; 
i.e.,  below  pH  5.2.  After  mixing  this  material,  which  was  mark- 
edly present  in  all  but  two  specimens,  with  the  supernatant  liquid, 
the  resultant  mixture,  in  the  open  tubes,  invariably  showed  a 
lower  pH  than  did  the  unmixed  supernatant  liquid,  but  not  as 
low  as  the  initial  salivary  pH.  Thus,  after  mixing,  in  the  open 
tubes  the  pH  was  still  0.10  to  0.30  pH  higher  than  the  initial  value. 
In  the  corked  tubes,  the  mixture  was  0.05  to  0.10  higher  in  pH 
value  than  was  the  initial  value. 

It  is  evident,  therefore,  that  centrifugation  as  employed  results 
in  loss  of  CO2  and  precipitation  of  a  substance  of  greater  hydrion 
concentration  than  the  supernatant  liquid,  both  of  which  effects 
result  in  increased  pH  of  the  supernatant  liquid.  This  increase 
is  greater  in  the  case  of  saliva  exposed  to  the  air  than  in  that 
partially  protected  by  oil  and  stopper.  In  the  latter  the  CO* 
no  doubt  came  into  partial  equilibrium  with  the  CO2  in  the  oil  and 
air-space  above  the  liquid,  with  consequently  less  loss  of  CO*. 
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If  centrifugation  is  to  be  employed  at  all,  it  is  obvious  that  rigid 
precautions  must  be  taken  to  avoid  loss  of  carbon  dioxide.  More- 
over, precipitation  of  the  acidic  sediment  (termed  "acid  mucinate" 
by  Gies  (24))  may  lead  to  erroneous  findings  as  to  pH  value. 

CONCLUSION. 

A  method  for  the  colorimetric  determination  of  the  hydrogen 
ion  concentration  of  human  mixed  saliva  is  described,  together 
with  the  precautions  necessary.  Activators,  such  as  paraffin, 
result  in  increase  of  salivary  pH. 
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II.  VARIATIONS  IN  THE  HYDROGEN  ION  CONCENTRATION  OF 
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The  fact  that  human  mixed  saliva  loses  CO2  very  readily 
and  increases  in  pH,  as  noted  in  the  preceding  article  in  this 
series,  indicates  the  importance  of  the  H^COr.BHCOs  ratio1  in 
determining  the  hydrogen  ion  concentration.  This  is  quite  in 
accord  with  the  findings  of  various  quantitative  investigations  of 
salivary  acidity.  Thus  Dieminger  (2)  concluded  that  saliva  will 
always  be  found  alkaline  if  one  uses  an  indicator  insensitive  to 
carbon  dioxide.  In  1914,  Gies  (3)  pointed  out  that  aerating 
saliva  causes  a  decomposition  of  soluble  bicarbonate  with  elimina- 
tion of  carbon  dioxide,  so  that  the  original  reaction  of  the  saliva 
cannot  be  accurately  determined  after  aeration.2 

Study  of  the  HaCOsiBHCOs  ratio  in  mixed  saliva  at  various 
hydrion  concentrations  and  alveolar  CO2  tensions,  etc.,  and  of  the 
bLse  content  of  the  saliva  is  now  in  progress  and  will  be  reported 

1  Terminology  used  by  Van  Slyke  (1).  The  use  of  B  as  the  general 
symbol  of  a  univalent  base,  rather  than  the  formerly  indiscriminately 
applied  "Na"  is  particularly  useful  in  the  case  of  human  mixed  saliva, 
in  which  there  is  three  to  five  times  as  much  K  as  Na. 

2  In  the  earlier  stages  of  the  present  research,  COj-free  air  was  passed 
successively  through  saliva  to  which  an  indicator  had  been  added  (brom- 
thymol  blue)  and  then  through  standard  Ba(OH)j  solutions.  The  amount 
of  CO]  absorbed  by  the  latter  was  determined  by  titration  and  the  change 
in  pH  of  the  saliva  was  also  noted.  It  was  found  that  increase  in  pH  of  the 
aerated  saliva  and  elimination  of  COi  took  place  pari  passu.  The  violent 
agitation  of  the  saliva  during  aeration  precluded  precipitation  of  any  acidic 
sediment  and  consequently  the  decrease  in  acidity  was  attributable  to  loss 
of  C02. 
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in  this  series.  As  a  result  of  a  preliminary  survey,  involving  a 
number  of  simultaneous  determinations  of  salivary  pH  and  of 
total  CO2  content  of  the  saliva,  made  by  means  of  the  Van  Slyke 
apparatus,  in  the  standard  manner,  it  is  evident  that  the  hydrion 
concentration  of  the  mixed  saliva  is  largely  determined  by  the 
H2CO3  content  of  the  saliva. 

Influence  of  Alveolar  C0%  on  Salivary  pH. 

To  determine  whether  the  salivary  pH  varies  inversely  with  the 
alveolar  CO2  simultaneous  determinations  of  salivary  pH  and 
alveolar  CO2  were  made  at  intervals  dining  days  of  mixed  diet 
and  normal  activity  on  five  healthy  and  normal  subjects.  In 
order  to  insure  making  determinations  when  the  alveolar  CO* 
content  varied,  specimens  were  taken  before  and  after  the  noon 
meal,  inasmuch  as  Van  Slyke,  Stillman,  and  Cullen  (4)  have 
confirmed  the  findings  of  Higgins  (5)  and  others  that  digestive 
activity  is  accompanied  by  a  rise  in  alveolar  CO2.  Prior  to 
ejection  of  the  saliva,  the  mouth  was  kept  closed  for  5  minutes, 
the  saliva  Was  then  collected  under  oil  and  its  pH  determined 
as  described  in  the  preceding  article.  The  sample  of  alveolar 
air  was  taken  immediately  after  ejection  of  the  saliva,  and  the 
CO2  content  was  determined  by  the  Fridericia  method  (6),  care 
being  taken  by  the  subjects  to  avoid  either  holding  the  breath 
or  taking  a  preliminary  deep  inspiration.  The  results  are  given 
in  Table  I,  and  a  typical  series  is  shown  in  Fig.  1. 

The  findings  presented  in  Table  I  and  Fig.  1  indicate  a 
close  correlation  between  salivary  hydrion  concentration  and 
alveolar  CO2. 

Alkali  Retention. 

As  a  further  test  along  lines  similar  to  the  above,  a  modification 
of  the  alkali  retention  test  was  employed.  The  subject  was  ex- 
amined as  to  salivary  and  urinary  pH  and  then  immediately  in- 
gested 10  to  20  gm.  of  NaHCOs,  with  a  copious  draught  of  water. 
At  intervals  the  pH  determinations  were  repeated.'  During  the 
course  of  the  experiment,  no  food  was  eaten,  water  was  taken  as 
desired,  the  subjects  were  normally  active,  the  environment  quite 

1  Both  saliva  and  urine  were  collected  and  kept  under  oil  during  the  pH 
determinations. 
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calm,  and  consequently  the  effect  of  the  ingestion  of  the  NaHCOj 
could  be  observed  without  hindrance.  The  experiment  was  re- 
peated ten  times  with  four  healthy  normal  subjects.  In  every 
instance  it  was  found  that  as  the  urinary  pH  increased,  the  sali- 
vary pH  decreased.    A  typical  series  is  shown  in  Fig.  2. 

TABLE  I. 
Variations  in  Salivary  pH  and  Alveolar  CO*  after  Noon  Meal. 


No. 

Subject. 

Time  in  relation  to  meal. 

Salivary. 

Alveolar  00*. 

pH 

per  cent 

1 

IFT 

20  min.  before. 

6.75 

5.50    . 

40     "    after. 

6.60 

5.70 

2 

IFT 

20     "    before. 

6.60 

5.75 

«• 

40     "    after. 

6.50 

6.05 

3 

IG 

20     "    before. 

6.65 

6.00 

40     "    after. 

6.50 

6.05 

4 

KH 

20     "    before. 

6.25 

6.45 

60     "    after. 

6.00 

6.75 

90     "         " 

6.15 

6.50 

5 

GXT 

20     "    before. 

6.75 

5.45 

40     "    after. 

6.55 

6.05 

6 

KKs 

20     "    before. 

6.35 

6.10 

40     "    after. 

6.40 

6.10 

7 

IFT 

20     "    before. 

6.55 

5.95 

40     "    after. 

6.50 

6.05 

60     "         " 

6.45 

6.15 

90     "         " 

6.35 

6.50 

120     "         " 

6.50 

6.10 

The  results  show  that  after  the  ingestion  of  the  bicarbonate, 
the  H  ion  concentration  of  the  mixed  saliva  increased  while  that 
of  the  urine  decreased;  i.e.,  the  salivary  pH  varied  inversely  with 
that  of  the  urine  in  every  instance.  Thus  while  the  bodily  fluids 
in  general  may  be  regarded  as  becoming  more  "alkaline' '  as  the 
result  of  the  administration  of  sodium  bicarbonate,  the  mixed 
saliva  became  more  "acid." 


Fig.  1.  Variations  of  salivary  pH  with  alveolar  CO*  (Experiment  7, 
Table  I). 


ao 
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SALIVARY  pH 
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Fio.  2.  The  effect  of  the  ingestion  of  20  gm.  of  NaHCOi  upon  salivary 
and  urinary  pH. 

SS 


Henry  E.  Starr  59 

These  findings  tend  to  explain  and  reconcile  the  findings  of 
two  investigators  in  different  biochemic  fields.  Von  Noorden  (7) 
found  that  removal  of  carbohydrates  from  the  diet  of  an  individual 
is  usually  followed  within  24  hours  by  a  definite  "physiological 
acidosis"  with  characteristic  excretion  of  acetone  bodies.  Kirk 
(8)  found  that  the  removal  of  carbohydrates  from  the  diet  of 
certain  patients  tended  to  decrease  the  "acidity"  of  the  saliva. 
The  explanation  may  be  that  lack  of  carbohydrate  ingestion 
may  result  in  an  acetone  body  acidosis  with  a  decrease  in  the 
blood  BHCOj,  followed  by  a  compensatory  drop  in  the  blood 
HjCOi  and  alveolar  COs  resulting  in  a  more  alkaline  saliva. 

Voluntary  Deep  Breathing. 

It  should  be  recalled  in  this  connection,  as  Van  Slyke  (9)  has 
pointed  out,  as  regards  the  hydrion  concentration  of  the  blood 
expressed  in  terms  of  pH  that  "probably  the  extreme  range 
compatible  with  life  is  7.0  to  7.8.  The  normal  range  is  possibly 
somewhat  narrower  than  7.3  to  7.5,"  and  that  "by  voluntary 
deep  breathing,  CO*  may  be  blown  off  until  blood  alkalinity  rises 
to  a  pH  of  7.7  or  7.8  (Davis,  Haldane,  and  Kennaway,  1920; 
Collip  and  Backus,  1920)  at  which  point  symptoms  of  tetany 
appear." 

To  determine  the  effect  of  such  "voluntary  deep  breathing" 
upon  salivary  pH,  nine  subjects  were  placed  out  of  doors  im- 
mediately after  a  salivary  pH  determination  had  been  made  in 
each  case,  and  were  required  to  inhale  vigorously  and  deeply 
and  exhale  forcefully,  keeping  the  mouth  tightly  closed,  for  10 
minutes,  at  the  expiration  of  which  time  the  salivary  pH  was 
again  determined.  The  results  are  given  in  Table  II  including 
those  obtained  from  IFT  after  ingestion  of  15  gm.  of  sodium 
bicarbonate,  indicated  in  the  table  by  the  asterisk  (*). 

Table  II  shows  clearly  that  voluntary  deep  breathing  in  the 
open  air  for  10  minutes  results  in  increase  in  salivary  pH.  The 
increases  noted  ranged  from  0.15  to  1.15.  It  is  evident,  therefore, 
that  any  interpretation  of  salivary  pH  findings  must  take  into 
consideration  the  breathing  habits  of  and  the  air  breathed  by  the 
subject. 

The  factors  discussed  above,  in  addition  to  uncontrolled  loss  of 
C02,  probably  furnish  the  explanation  of  the  divergencies  and 


60 


Variations  in  Salivary  pH 


contradictions  in  the  reports  of  various  investigators  of  the 
"acidity"  of  mixed  saliva  in  various  dental  conditions,  which 
have  led  some  to  regard  an  acid  and  others  an  alkaline  saliva  as 
indicative,  and  indeed  causative,  of  the  same  dental  disease. 
In  1916,  Gies  (10)  stated  that  he  had  concluded  it  to  be  "bio- 
logically absurd  to  deduce  anything  of  diagnostic  dental  import 
from  the  nature  and  degree  of  reaction  of  any  specimen  or  any 
pair  of  specimens,  of  saliva  from  anybody  under  any  conditions." 
This  conclusion  is  sweeping,  but  the  explanation  is  no  doubt 

TABLE  II. 

The  Effect  of  Voluntary  Deep  Breathing  upon  Salivary  pH. 


Subject. 

Reaction  of  saliva. 

Initial. 

After  10  min.  deep 
breathing. 

Increase. 

KH 

GQ 

T 

IFT 

IG 

GXT 

KN 

KKs 

BMT 

IFT* 

PH 
6.75 

6.70 
6.75 
6.65 
6.50 
6.85 
6.40 
6.80 
6.25 
5.80 

PH 
6.90 

6.85 
6.95 
6.85 
6.75 
7.10 
6.70 
7.30 
6.85 
6.95 

pu 

0.15 
0.15 
0.20 
0.20 
0.25 
0.25 
0.30 
0.50 
0.60 
1.15 

*  After  the  ingestion  of  15  gm.  of  sodium  bicarbonate. 

found  in  the  simple  fact  that  breathing  conditions,  probably 
through  their  effect  upon  the  carbon  dioxide  tension  of  the  blood 
and  of  the  alveolar  air,  determine  largely  the  free  carbon  dioxide 
content  of  the  mixed  saliva  and  thereby  its  hydrion  concentration. 

Diurnal  Rhythm  in  Salivary  pH  during  Fatigue  and  Excitement. 

The  findings  of  Chittenden  and  Richards  (11),  of  Cohn  (12),  and 
of  van  der  Molen  and  Offringa  (13)  indicated  a  diurnal  rhythm 
in  salivary  alkalinity.  It  appeared  not  unlikely  that  there 
might  be  found  a  diurnal  rhythm  in  salivary  pH.  Accordingly 
salivary  pH  determinations  were  made  on  a  subject  at  half  hour 
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intervals  from  7.00  a.m.  to  6.00  p.m.  on  a  day  of  mixed  diet  and 
inactivity,  on  a  day  of  mixed  diet  and  normal  activity,  on  a  day 
of  abstinence  from  food  and  inactivity,  and  on  a  day  of  abstinence 
from  food  and  normal  activity.  The  results  indicated  a  drop 
in  pH  soon  after  the  ingestion  of  food,  followed  by  a  rise  except 
during  an  afternoon  of  fairly  strenous  activity  when  th§re  was  a 
steady  fall  during  the  afternoon  working  hours.  Nine  similar 
determinations  were  made  on  seven  other  subjects  on  days  of 
mixed  diet  and  normal  working  activity.  They  also  showed  de- 
creasing salivary  pH  with  increasing  fatigue.  During  this  in- 
vestigation four  of  the  subjects  were  emotionally  excited  at  the 
time  of  the  collection  of  a  specimen  of  saliva — one  by  fear  and 
three  by  anger.  In  each  instance  the  salivary  pH  showed  a 
sharp  rise  during  excitement  and  a  subsequent  lowering  of  sali- 
vary pH  as  the  excitement  subsided.  The  increases  noted  were 
0.60,  0.45,  0.50,  and  0.20  pH  during  excitement. 

Salivary  pH  of  Normal  Subjects  and  Stammerers. 

These  findings  were  discussed  with  Dr.  E.  B.  Twitmyer,  Direc- 
tor of  the  Clinic  for  Speech  Defects  at  this  university.  In  his 
examination  of  stammerers  for  many  years,  he  has  found  that  a 
large  number  of  them  have  so  little  chest  expansion  or  are  such 
shallow  breathers  that  they  may  be  termed  "sub-breathers." 
Often  dull  and  lethargic,  many  appear  to  be  chronically  fatigued. 
Another  type  of  stammerer  which  he  has  noted  is  the  hyperex- 
citable  psychopath.  It  appeared  probable  that  the  "sub- 
breathers"  would  show  a  low  salivary  pH  and  the  chronically 
excited  psychopaths,  a  high  salivary  pH.  Accordingly  pH  de- 
terminations were  made  upon  610  specimens  of  saliva  from  228 
healthy  normal  individuals,  200  specimens  from  58  typical  "sub- 
breathing"  stammerers,  and  50  specimens  from  10  distinctly 
psychopathic  stammerers.  In  every  instance  the  mouth  was 
kept  closed  for  a  period  of  5  minutes  during  which  the  saliva  was 
allowed  to  collect  naturally.  It  was  then  ejected  and  its  pH 
immediately  determined.4  The  results  expressed  in  terms  of  rel- 
ative frequency  are  shown  in  the  form  of  a  triple  graph  in  Fig.  3.4 

4  For  a  detailed  report  of  the  work  on  stammerers,  including  the  psycho- 
logical technique,  interpretations,  etc.,  see  Starr,  H.  E.,  Am.  J.  Psychol., 
1922,  xxxiii,  394. 
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Fig.  3  indicates  that  the  salivary  pH  of  the  sub-breathers  as  a 
class  is  distinctly  below,  and  that  of  the  psychopaths  distinctly 
above,  that  of  the  normal  individual.  The  range  of  pH  values 
for  normal  individuals  was  found  to  be  from  5.75  to  7.05.  The 
mean  was  6.6,  the  median  6.6,  and  the  mode  6.6  to  6.7  inclusive. 
86  per  cent  of  the  specimens  ranged  from  6.35  to  6.80  inclusive. 


Emotional  Excitation. 

As  a  further  test  of  correlation  between  salivary  pH  and  emo- 
tional excitement,  the  following  procedure  was  adopted.  The 
salivary  pH  of  a  subject  was  determined.  He  was  then  sub- 
jected to  an  emotionalizing  stimulus,  carefully  standardized, 
of  such  character  that  it  produced  no  effect  upon  either  a  dull  or 
normally  stable  individual,  but  was  quite  sufficient  to  disturb 
the  unstable  equilibrium  of  a  hyperexcitable  subject.  After  5 
minutes  of  such  stimulation,  during  which  he  was  instructed  to 

TABLE  III. 

The  Effect  of  an  Emotionalizing  Stimulus  upon  Salivary  pH. 


Subjects  (stammerers). 


Lethargic. 
Excitable. 


m  Average 
initial  pH. 


pH 

5.80 

7.24 


Average  increase  above 
initial  pH  after 


6  min.  stimulus. 


pH 
0.04 
0.40 


10  min.  rest. 


pa 

0.05 
0.12 


keep  his  mouth  closed,  the  salivary  pH  was  again  determined. 
He  was  then  allowed  a  10  minute  rest  period,  after  which  a  third 
salivary  pH  determination  was  made.  Each  time  a  specimen  of 
saliva  was  taken,  a  clinical  diagnosis  of  the  subject's  emotional 
condition  was  made  and  recorded.  Twenty-seven  "sub- 
breathers"  and  ten  psychopaths  were  thus  examined.  The  re- 
sults are  summarized  in  Table  III  and  tend  to  confirm  the  con- 
clusion that  emotional  excitement  is  accompanied  by  increase  in 
salivary  pH. 

Fig.  3  is  adapted  from  Charts  1  and  2  in  the  above,  the  values  having 
been  corrected  to  approximate  more  closely  the  actual  salivary  pH,  how- 
ever, inasmuch  as  Method  B  was  employed  in  making  these  determinations. 
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CONCLUSIONS. 

1.  The  hydrogen  ion  concentration  of  human  mixed  saliva  has 
been  found  to  vary  directly  with  the  alveolar  CO2  after  the  noon 
meal.  It  was  also  found  to  vary  inversely  with  the  hydrion 
concentration  of  the  urine  after  the  ingestion  of  large  doses  of 
NaHCO*.  Vigorous  forced  breathing  in  the  open  air,  with  mouth 
closed,  resulted  in  decreased  acidity  of  the  mixed  saliva. 

2.  The  [H+]  of  the  mixed  saliva  was  found  to  vary  inversely  with 
the  degree  of  energy  displayed  by  an  individual,  increasing  during 
fatigue  and  decreasing  during  emotional  excitement. 

3.  A  group  of  stammerers  who  were  habitually  deficient  in 
the  use  of  their  lungs  and  lethargic  in  behavior,  showed  a 
characteristically  high  salivary  [H+].  A  group  of  hyperexcitable 
psychopathic  stammerers  showed  an  equally  characteristic  low 
salivary  [H+]. 

4.  610  specimens  of  human  mixed  saliva  collected  from  228 
healthy  normal  subjects  varied  in  hydrogen  ion  concentration 
from  pH  5.75  to  7.05.  86  per  cent  of  the  specimens  were  between 
pH  6.35  and  6.80  inclusive.  The  mean,  mode,  and  median  prac- 
tically coincided  at  about  pH  6.60. 

5.  These  observations  indicate  that  the  [H+]  of  the  mixed  saliva 
parallels  the  alveolar  CO2  and  the  H2COJ  content  of  the  blood,  rather 
than  the  [H+]  of  the  blood. 
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By  E.  P.  CLARK. 
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Washington.) 

(Received  for  publication,  July  3, 1922.) 

Some  relationships  existing  between  the  constitution  and 
optical  rotatory  powers  of  certain  sugar  derivatives  have  been 
discovered  by  Hudson  and  by  Levene.  Hudson  (1)  found  that 
when  the  formula  of  a  sugar  acid  lactone,  i.e.,  a  gamma  lactone, 
is  written  vertically  thus, 


O 


-i- 


O 


-c- 

-A- 


1 

2 
3 


I 

the  compound  will  rotate  to  the  right  when  the  lactone  ring  is 
on  the  right  of  the  carbon  chain;  and,  vice  versa,  when  the  ring 
is  on  the  left  of  the  chain,  the  compound  will  be  levo-rotatory. 
As  the  position  of  the  ring  is  determined  by  the  position  which 
the  hydroxyl  group  had  on  the  carbon  atom  4  before  the  ring  was 
formed,  a  means  of  determining  the  position  of  the  hydroxyl 
group  on  this  carbon  atom  is  thus  available.  He  also  found  (2) 
that  the  dextro-rotatory  amides  of  the  sugar  acids  have  the  hy- 
droxyl group  on  carbon  atom  2  on  the  right  of  the  carbon  chain, 
while  the  levo-rotatory  amides  have  the  hydroxyl  on  the  left. 
Levene  (3)  found  that  the  same  principle  holds  for  metallic  salts 
and  phenylhydrazides  of  the  sugar  acids. 
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Structure  of  Fucose 


Now  the  configuration  of  fucose  has  been  established  (4)  to 
be  that  of  a  methyl  pentose, 


H         O 

V 

HO-C-H 
H-C-OH 

-A- 


H 


OH 


1 
2 
3 

4 


C    HOH    5 
C    H, 

the  position  of  the  hydroxyl  group  on  carbon  atom  5  not  having 
yet  been  determined.  It  would  follow  from  the  above  that  if  a 
methyl  tetronic  acid  lactone  could  be  obtained  from  fucose,  it 
would  be  possible  to  apply  the  above  rule  to  it  and  thus  determine 
the  position  of  the  hydroxyl  group  on  carbon  atom  4  of  the  lac- 
tone, which  corresponds  to  carbon  atom  5  in  fucose.  Previous 
to  the  present  investigation  this  compound  had  not  been  pre- 
pared; but  Hudson  and  Chernofif  (5)  obtained  a  methyl  tetronic 
acid  lactone  from  rhamnose  by  applying  a  method  devised  by 
Nef,  Hedenburg,  and  Glattfeld  (6),  for  the  oxidation  of  pentoses 
to  the  corresponding  tetronic  acids.  The  same  results  should 
be  expected  from  fucose,  giving  the  methyl  tetronic  lactone  de- 
sired. This  proved  to  be  the  case.  A  yield  of  7.5  gm.  of  the 
substance  was  obtained  from  50  gm.  of  fucose.  The  lactone  was 
strongly  levo-rotatory  (—63.65°),  which  indicates  that  its  configu- 
ration is 


O 


-A- 
-A- 

A 


H, 
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and  hence,  the  configuration  of  fucose  is 

H         O 

V  , 

HO-C-H  2 

H-C-OH  3 

H-C-OH  4 

HO-C-H  5 
H, 


A 


This  is  in  accordance  with  the  conclusion  reached  by  Mayer  and 
Toflens  (7),  based  upon  the  similarity  of  the  specific  rotation  of 
J-galactose  (-81°)  and  fucose  (-75.5°). 

Incidentally,  the  position  of  the  other  three  hydroxyl  groups 
in  fucose  may  be  verified  by  the  same  line  of  reasoning.  Fuco- 
nic  acid  lactone  (8)  is  dextro-rotatory  (+71.7°);  therefore,  the 
hydroxyl  on  the  carbon  atom  4  will,  according  to  the  rule,  be  on 
the  right  of  the  carbon  chain.  Fuconic  amide,  on  the  other  hand, 
as  will  be  shown  in  the  experimental  part,  is  levo-rotatory 
(—31.13°);  hence,  the  position  of  the  hydroxyl  group  on  carbon 
atom  2  is  on  the  left  of  the  carbon  chain.  The  amide  of  the  methyl 
tetronic  acid  was  prepared,  as  described  below,  so  that  the  posi- 
tion of  the  hydroxyl  group  on  carbon  atom  2  in  this  compound, 
corresponding  to  carbon  atom  3  in  fucose,  could  be  verified. 
This  substance  was  found  to  be  dextro-rotatory  (+18.48°); 
therefore,  the  hydroxyl  group  on  this  carbon  atom  is  on  the  right 
of  the  chain.  Its  position  is  further  established  as  Hudson  has 
pointed  out  (4)  by  the  fact  that  the  methyl  hexonic  lactone  pre- 
pared by  Mayer  and  Tollens  from  fucose  (9)  is  dextro-rotatory 
(+33.3°).  It  will  be  seen  from  the  formula  that  the  carbon 
atom  2  in  the  methyl  tetronic  acid  becomes  carbon  atom  4  in 
either  of  the  two  fucohexonic  acids. 

Thus,  by  the  preparation  of  the  methyl  tetronic  acid  lactone 
from  fucose  and  the  application  of  the  above  rules  to  this  sub- 
stance, the  position  of  the  hydroxyl  group  on  the  carbon  atom  5 
of  fucose  has  been  determined.    Likewise,  the  positions  of  the 
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hydroxyl  groups  on  carbon  atoms  2,  3,  and  4  of  this  sugar,  hereto- 
fore determined  by  purely  chemical  means,  have  been  verified. 

The  present  communication  also  contains  an  improved  method 
for  the  preparation  of  fucose. 

EXPERIMENTAL. 

Preparation  of  Fucose. 

About  10  kilos  of  seaweed,1  which  has  been  air-dried  sufficiently 
to  become  brittle,  are  coarsely  ground  in  a  meat  chopper.  The 
ground  material  is  then  treated,  at  room  temperature  for  2  days, 
with  3  per  cent  HC1  (3  liters  to  each  kilo),  after  which  it  is  re- 
peatedly washed  with  water  by  decantation  until  the  washings 
are  no  longer  acid  to  litmus.  The  residue  is  pressed  out  and 
dried. 

1  kilo  of  the  dried  substance  is  added  to  8  liters  of  boiling  2 
per  cent  sulfuric  acid  and  simmered  for  3  hours.  The  undis- 
solved material  is  filtered  upon  large  Buchner  funnels  and  thor- 
oughly washed.  The  sulfuric  acid  in  the  filtrate  and  washings 
is  neutralized  with  a  paste  of  precipitated  barium  carbonate. 
The  resulting  barium  sulfate  is  removed  by  filtering  the  solution 
through  a  thin  layer  of  decolorizing  carbon  on  moistened  filter 
paper  in  a  Buchner  funnel.  The  filtrate  is  treated  with  basic 
lead  acetate  until  no  further  precipitate  is  formed.  The  solu- 
tion is  next  freed  from  the  lead  precipitate,  and  the  excess  of  lead 
in  the  filtrate  removed  by  the  cautious  addition  of  dilute  sulfuric 
acid.  After  the  removal  of  the  lead  sulfate  the  solution  is  evapor- 
ated under  diminished  pressure  to  a  syrup  of  about  175  cc.  This 
syrup  is  dissolved  in  an  equal  volume  of  methyl  alcohol  by  warm- 
ing on  a  water  bath  and  sufficient  ethyl  alcohol  added  to  make 
2  liters.  The  precipitate  formed  is  filtered  upon  decolorizing 
carbon,  as  outlined  above,  and  the  filtrate  evaporated  to  150  cc. 
The  syrup  is  washed  from  the  flask  with  small  portions  of  absolute 
alcohol  by  warming,  and,  when  all  is  removed,  sufficient  absolute 
alcohol  is  added  until  the  solution  has  a  volume  of  450  cc.  75 
gm.  of  phenylhydrazine  are  added  and  the  mixture  is  placed  in 

1  The  material  used  in  this  work  was  Ascophyllum  nodosum,  which  was 
obtained  from  Woods  Hole,  Mass.,  through  the  courtesy  of  Dr.  R.  E.  Coker 
of  the  United  States  Bureau  of  Fisheries. 
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an  ice  box  over  night  to  crystallize  completely.  The  hydrazone 
is  filtered  and  washed,  first  with  absolute  alcohol  and  finally 
with  ether.    The  yield  is  100  gm. 

To  obtain  the  sugar,  the  hydrazone  thus  prepared  is  sufficiently 
pure.  75  gm.  of  the  material  are  suspended  in  1,800  cc.  of  water 
which  is  heated  to  about  90°C.  and  36  gm.  of  benzaldehyde  are 
added  while  the  mixture  is  rapidly  stirred.  The  stirring  is  con- 
tinued for  \  to  f  of  an  hour.  It  is  advantageous  to  have  an 
atmosphere  of  carbon  dioxide  in  the  flask  to  prevent  the  benzalde- 
hyde from  becoming  oxidized.  After  removing  the  benzalde- 
hyde phenylhydrazone  the  filtrate  is  treated  with  carbon.  The 
fucose  solution  is  then  concentrated  to  a  thick  syrup  and  dis- 
solved in  800  cc.  of  hot  absolute  alcohol.  Some  impurities  are 
thrown  out  by  this  process,  so  the  solution  is  filtered,  after  which 
it  is  concentrated  to  about  50  cc.  This  syrup  is  removed  to  a 
beaker  and  the  flask  washed  out  with  small  portions  of  absolute 
alcohol  by  warming,  50  cc.  in  all  being  used  for  this  purpose.  The 
sugar  begins  to  crystallize  almost  at  once,  and  the  crystalliza- 
tion is  completed  over  night  in  an  ice  box.  It  is  freed  from 
mother  liquor,  washed  with  absolute  alcohol  and  ether,  and  dried. 
The  yield  is  38  to  40  gm.  A  sample  of  this  material  had  the 
following  rotation: 

[a]"  -  -  75.65°  (2.5015  gm.  dissolved  in 50  cc). 

Generally,  another  small  crop  of  crystals  may  be  obtained  by 
concentrating  the  mother  liquors. 

To  recrystallize  the  sugar  it  is  dissolved  in  distilled  water 
making  a  25  per  cent  solution  and  treated  with  decolorizing  car- 
bon.   The  filtrate  is  concentrated  under  diminished  pressure  to 
a  thick  syrup  and  dissolved  from  the  flask,  by  warming  on  the 
water  bath,  with  3  volumes  of  absolute  alcohol,  then  allowed  to 
crystallize.    The  crystals  are  washed  with  absolute  alcohol  and 
ether,  and  dried.    The  mother  liquors  may  be  worked  over  so 
that  almost  a  quantitative  yield  is  obtained.    The  purified  sugar 
had  the  following  specific  rotation: 

[a]"  -  -  75.48°  (5.0742  gm.  of  sugar  in  100  cc). 
[a]"  j^!  i.  u.  -  -  88.92°  (5.0742  gm.  of  sugar  in  100  cc.) . 
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Methyl  Tetronic  Acid  Lactone  from  Fucoee. 

50  gm.  of  fucose  were  dissolved  in  250  cc.  of  water  and  added 
to  a  solution  of  93  gm.  of  KOH  dissolved  in  5,250  cc.  of  water. 
Air  freed  from  carbon  dioxide  was  continuously  drawn  through 
the  mixture  at  a  fairly  rapid  rate  for  60  hours  by  means  of  a  water 
pump.  During  working  hours  the  solution  was  heated  to  40  to 
45°.  The  KOH  was  then  neutralized  and  the  organic  acids 
liberated  by  the  cautious  addition  of  HC1.  This  was  determined 
by  means  of  thymol  blue.  Just  enough  HC1  was  added  to  give 
a  distinct  red  color,  showing  the  presence  of  free-HCl.  The 
solution  was  evaporated  under  diminished  pressure  until  a  fairly 
large  amount  of  KC1  had  separated.  This  was  filtered  off  and 
washed  with  a  little  cold  water  and  the  filtrate  adjusted  to  the 
point  where  all  the  free  HC1  was  exactly  neutralized.  Concen- 
tration was  continued  to  almost  dryness,  and  the  resulting  mass 
dissolved  in  a  little  water,  and  again  evaporated  to  dryness  to 
insure  the  removal  of  formic  acid. 

The  residue  was  extracted  three  times  with  boiling  absolute 
alcohol,  250  cc.  being  used  for  each  extraction.  The  alcoholic 
liquor  was  filtered  and  evaporated  to  a  thick  syrup,  dissolved  in 
about  100  cc.  of  absolute  alcohol,  and  again  evaporated.  The 
resulting  syrup  was  extracted  with  500  cc.  of  dry  ethyl  acetate. 
An  insoluble  gum  remained,  while  the  supernatant  liquid  was 
cloudy;  but,  after  a  day,  an  insoluble  gum  separated  leaving  a 
clear  solution.  This  solution  was  evaporated  under  diminished 
pressure  to  a  mobile  liquid  which  was  exhausted  with  dry  ether 
by  vigorous  shaking  for  some  time.  After  a  day  the  ether  layer 
was  clear  and  a  gum-like  substance  separated.  Upon  standing 
2  days  more,  beautiful,  long  crystals  appeared  on  the  walls  of 
the  flask  while  the  insoluble  material  was  a  semisolid  mass  of 
crystals.  The  ether  was  decanted  and  the  crystals  were  dis- 
solved by  warming  in  30  cc.  of  ethyl  acetate.  Upon  cooling, 
the  solution  immediately  crystallized.  The  yield  of  the  crude 
product  was  7.5  gm.  The  substance  was  removed  from  the 
mother  liquor  and  recrystallized  from  a  few  cc.  of  ethyl  acetate. 

Its  melting  point  was  111°C,  uncorrected.  The  substance  when  first 
dissolved  in  water  was  neutral,  but  gradually  became  acid,  showing  its 
lactone  character.    0.0928  gm.  of  the  material  was  dissolved  in  10  cc.  of 
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0.1  k  KOH,  warmed  to  the  temperature  of  a  boiling  water  bath,  and  allowed 
to  cool.  The  excess  of  KOH  was  titrated  with  0.1  n  HC1  using  phenolph- 
th&lein  as  an  indicator.  In  this  way  the  sample  required  7.01  cc.  of  0.1  n 
KOH  for  neutralization;  calculated  for  CjkiO,,  7.03  cc.  The  optical 
rotation  of  the  substance  was  as  follows:  1.2529  gm.  dissolved  in  25  cc.  of 
water  at  20°C.  rotated  the  plane  of  polarized  light  6.38°  to  the  left  in  a  2  dm. 
tube  using  sodium  light.    Therefore, 

r  ,M      (100)  (-  6.38)  ^a-o 

H»"  4  (1.2529)  (2)  -~*M 

0.2028  gm.  of  substance  gave  on  combustion  0.1101  gm.  of  water  and 
0.3379  gm.  of  COi. 

C*Hg04.    Calculated.  C  45.43,  H  6.10. 

Found.  "  45.44,  "  6.07. 

Methyl  Tetronic  Amide. 

Dry  ammonia  was  passed  into  a  solution  of  3.3  gm.  of  the  lac- 
tone dissolved  in  30  cc.  of  absolute  alcohol  until  it  became  satur- 
ated. Crystallization  of  the  amide  could  not  be  induced;  so  after 
a  day,  the  liquid  was  evaporated  under  diminished  pressure  to 
about  10  cc,  and  10  cc.  of  dry  ether  were  added.  After  a  week, 
crystallization  commenced  and  was  complete  in  a  very  short 
time  after  it  started.  The  crystals  were  filtered,  washed  with 
absolute  alcohol  and  ether,  and  dried.  The  yield  was  2.5  gm. 
The  melting  point  of  the  crude  substance  was  112°,  uncorrected. 
To  recrystailize  the  compound,  it  was  dissolved,  by  warming, 
in  15  cc.  of  absolute  alcohol,  filtered,  and  15  cc.  of  dry  ether  were 
added. 

The  melting  point  was  112.5°.    Its  specific  rotation  was  as  follows: 
0.5006  gm.  of  substance  in  water  to  make  25  cc.  rotated  the  plane  of 
pol&rized  light  0.74°  to  the  right,  using  a  2  dm.  tube;  hence, 

r  i"m(100)  (+0.74°) 

Wd      (4)  (0.5006)  (2)       "*" ia-45 

Nitrogen  was  determined  by  the  Kjeldahl  method. 
0.2537  gm.  of  substance  used  17.07  cc.  of  0.1  n  HC1. 

CtHuOiN.    Calculated.  N9.40. 

Found.  "9.43. 

Fuconic  Amide. 

This  substance  has  not  hitherto  been  recorded.  15  gm.  of 
fucose  were  dissolved  in  75  cc.  of  water  and  15  gm.  of  bromine 
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added.  Upon  shaking  occasionally,  during  1  hour,  the  bromine 
was  dissolved.  The  solution  was  allowed  to  stand  for  2  days, 
after  which  the  excess  of  bromine  was  removed  by  distillation 
under  reduced  pressure.  The  resulting  liquid  was  made  neutral 
with  sodium  hydroxide  and  then  treated  with  slightly  more  than 
the  calculated  amount  of  barium  chloride.  Barium  fuconate 
immediately  began  to  crystallize,  the  crystallization  being  com- 
plete as  soon  as  the  solution  cooled  to  room  temperature.  The 
yield  was  19.5  gm.  The  barium  was  removed  from  10  gm.  of 
this  salt  by  the  addition  of  sulfuric  acid.  The  resulting  solution 
was  freed  from  barium  sulfate  and  evaporated  under  diminished 
pressure  to  a  thick  syrup,  after  which  it  was  heated,  in  vacuo, 
at  the  temperature  of  a  boiling  water  bath  for  \  hour.  The  res- 
idue was  dissolved,  by  warming,  in  150  cc.  of  absolute  alcohol,  and 
filtered.  The  filtrate  was  evaporated  to  a  thick  syrup,  dissolved 
in  100  cc.  more  of  absolute  alcohol  and  again  evaporated  to  a 
syrup.  This  was  dissolved  in  60  cc.  of  absolute  alcohol  and  the 
solution  saturated  with  dry  ammonia.  Crystallization  of  the 
amide  began  within  a  few  minutes. 

The  melting  point  of  the  crude  product  was  180.5°,  uncorrected.  Upon 
recrystallizing  from  85  per  cent  alcohol  its  melting  point  was  unchanged. 

1.0021  gm.  of  substance  in  water  to  make  50  cc.  rotated  the  plane  of 
polarized  light  1.248°  to  the  left,  using  a  2  dm.  tube;  hence, 

r  ,«      (100)  (-  1.248) 

1*Jd        2  (1.0021)  (2)  *lM 

By  Kjeldahl  estimation  0.3037  gm.  of  substance  used  16.86  cc.  of  0.1 
nHCI. 

CJEuOiN.    Calculated.  N7.82. 

Found.  "  7.78. 

SUMMARY. 

1.  An  improved  method  for  the  preparation  of  fucose  is 
described. 

2.  The  methyl  tetronic  acid  lactone  from  fucose  has  been  pre- 
pared, and  from  its  optical  properties  the  position  of  the  hydroxyl 
group  on  carbon  atom  5  of  fucose  has  been  determined,  thus  giv- 
ing the  complete  structure  of  fucose. 

3.  The  amides  of  the  methyl  tetronic  acid  and  fuconic  acid 
have  been  prepared,  and  from  a  study  of  their  optical  properties, 
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together  with  those  of  fuconic  lactone,  the  positions  of  the  hy- 
droxyl  groups  on  carbon  atoms  2,  3,  and  4  of  fucose,  heretofore 
determined  by  purely  chemical  means,  have  been  verified. 
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In  a  recent  publication  (1)  we  reported  evidence  secured  with 
liberally  milking  cows  showing  that  it  was  possible  to  maintain 
calcium  and  phosphorus  equilibrium  with  an  alfalfa  hay  which 
had  been  cured  under  caps  and  with  dried  grains  and  their  con- 
centrated by-products  such  as  wheat  bran.  The  alfalfa  served 
as  the  principal  source  of  calcium  in  the  ration  and  the  grains 
and  wheat  bran  as  the  principal  source  of  phosphorus.  These 
results  we  believe  are  of  some  importance  to  the  dairy  industry, 
although  they  are  not  in  harmony  with  observations  of  Forbes 
(2),  who  found  constant  negative  calcium  balances  in  milking 
cows  receiving  alfalfa  hay,  nor  with  observations  recorded  in 
this  paper  which  were  obtained  with  an  alfalfa  hay  cured  in  the 
windrow  for  4  days  with  exposure  to  air  and  light. 

In  these  later  experiments  we  have  extended  our  observations 
to  include  calcium  and  phosphorus  balances  on  lactating  cows 
receiving  in  succeeding  periods,  respectively,  timothy  hay,  al- 

•  Published  with  tKe  permission  of  the  Director  of  the  Wisconsin  Agri- 
cultural Experiment  Station. 
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falfa  hay,  and  timothy  hay  plus  calcium  phosphate,  as  steamed 
bone  meal,  in  addition  to  corn  silage  and  a  grain  mixture.  We 
did  this  in  order  to  secure  further  data  on  the  effectiveness  of 
alfalfa  hay  in  maintaining  calcium  equilibrium  in  a  liberally 
milking  animal.  We  felt  certain  that  timothy  hay  grown  on  an 
acid  soil  and  containing  but  0.4  per  cent  of  calcium  oxide  would, 
even  when  supplemented  by  corn  silage  and  a  proper  grain 
mixture,  lead  to  a  negative  calcium  balance  with  milking  cows. 
Further,  if  the  negative  calcium  balance  obtained  on  the  timothy 
hay  could  be  changed  to  a  positive  calcium  balance  by  substitut- 
ing alfalfa  hay  for  thq  timothy  hay  the  effective  properties  in 
respect  to  calcium  assimilation  of  alfalfa  in  general  and  alfalfa 
in  a  dried  state  would  be  more  firmly  established.  We  also 
wanted  to  know  how  efficient  calcium  phosphate,  added  to  timothy 
hay,  would  be  in  maintaining  calcium  equilibrium.  The  amount 
of  calcium  phosphate  added  was  such  as  to  make  the  intake  of 
calcium  approximately  the  same  as  when  the  animals  received 
alfalfa  hay. 

EXPERIMENTAL. 

We  used  three  animals  for  this  work.  No.  1  was  a  pure-bred 
Holstein;  No.  2,  a  pure-bred  Guernsey;  and  No.  3,  agradeHolstein. 
Their  weights  at  the  beginning  and  end  of  the  experimental 
period  were,  No.  1,  1,234  to  1,166  pounds;  No.  2, 1,185  to  1,096 
pounds;  No.  3, 1,119  to  1,119  pounds.  They  were  all  fresh  milkers. 
No.  1  had  freshened  in  November,  1921;  No.  2,  in  September, 
1921;  and  No.  3,  in  November,  1921.  This  experiment  was  begun 
December,  1921. 

These  animals  were  confined  to  metabolism  stalls  for  a  total 
period  of  13  weeks  with  quantitative  collection  of  the  excreta 
by  men  working  in  three  8  hour  shifts.  None  of  the  animals  was 
with  calf  although  they  were  all  bred  during  the  experimental 
period. 

A  definite  daily  aliquot  of  feces,  urine,  and  milk  was  composited 
for  a  period  of  7  days  and  analyses  for  phosphorus  and  calcium 
were  made  upon  these  composite  samples.  The  feces  were  dried 
and  finally  analyzed  in  an  air-dried  condition.  Phosphorus  was 
determined  in  the  urine  by  the  Neumann  method,  and  in  the  feeds, 
feces,  and  milk  after  ashing  with  magnesium  nitrate.  Calcium 
was  always  determined  by  McCrudden's  method. 
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The  feeds  used  in  Period  1,  which  was  for  4  weeks,  were  a 
timothy  hay  grown  on  an  acid  soil,  corn  silage,  and  a  grain  mix- 
ture consisting  of  60  parts  of  yellow  corn,  15  parts  of  oil  meal, 
and  25  parts  of  wheat  bran.  The  proportions  used  were  10 
pounds  of  hay  for  each  animal  per  day;  20  to  25  pounds  of  silage 
per  day;  and  approximately  1  pound  of  the  grain  mixture  for  3 
pounds  of  milk  produced  per  day.  Animal  1  received  12  pounds 
of  grain  daily;  No.  2,  7  to  8  pounds;  and  No.  3,  11  pounds. 

In  Period  2  the  10  pounds  of  timothy  hay  were  displaced  by 
10  pounds  of  alfalfa  hay;  the  corn  silage  remained  the  same;  but 
the  grain  mixture  was  changed  to  one  consisting  of  70  parts  of 
yellow  corn,  25  parts  of  wheat  bran,  and  5  parts  of  oil  meal.  The 
daily  amount  of  grain  mixture  allowed  each  animal  was  the  same 
as  in  Period  1.  This  change  in  the  proportion  of  ingredients  in 
the  grain  mixture  was  made  for  the  purpose  of  keeping  the  pro- 
tein intake  of  the  two  periods  much  alike.  The  alfalfa  hay  used 
was  second  cutting,  grown  on  the  University's  farm  and  cured 
in  (he  windrow  far  4  days.  Although  exposed  for  4  days  in  drying 
it  retained  its  green  color  to  a  considerable  extent.  It  was  fed 
cut  as  was  done  with  the  timothy  hay.  This  period  of  observa- 
tion was  also  for  4  weeks. 

In  Period  3  the  same  ration  as  used  in  Period  1  was  fed,  but 
with  an  addition  of  steamed  bone  meal,  in  amounts  which  would 
make  the  calcium  content  of  the  ration  in  Period  3  practically 
equal  to  that  of  the  alfalfa  ration  or  the  feed  mixture  used  in 
Period  2.  To  accomplish  this  the  amount  of  steamed  bone  meal 
added  daily  was  200  gm.  per  individual.  The  steamed  bone 
meal  used  was  that  prepared  by  the  United  Chemical  and  Or- 
ganic Products  Company  of  Chicago,  and  sold  by  them  especially 
for  animal  feeding.  This  period  of  observation  was  for  5  weeks. 
We  ran  it  for  a  longer  time  purposely  in  order  to  obliterate  the 
effect  of  the  possible  storage,  during  the  alfalfa  period,  of  nutri- 
tional factors  that  might  obscure  our  results  on  timothy  hay  plus 
steamed  bone  meal.  It  would  be  entirely  possible  that  a  residual 
effect  from  the  alfalfa  period  would  be  of  such  long  duration  as 
to  vitiate  wholly  the  results  of  a  succeeding  period  with  timothy 
hay,  unless  run  for  a  period  sufficiently  long.  All  the  animals 
received  distilled  water  and  common  salt  throughout  the  entire 
period  of  observation. 
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In  Table  I  the  record  of  the  calcium  and  phosphorus  content 
of  the  feeds  used  is  given. 

In  Tables  II  to  IV  inclusive  are  the  records  of  income  and  outgo 
of  calcium  and  phosphorus  for  the  3  animals. 

In  Table  V  the  data  on  the  total  calcium  and  inorganic  phos- 
phorus content  of  the  blood  taken  from  the  jugular  vein  are 
given. 

These  determinations  were  made  on  the  serum,  the  inorganic 
phosphorus  by  the  method  of  Marriott  and  Haessler  (3)  and  the 
calcium  by  the  method  of  Halverson  and  Bergeim  (4). 

TABLE  I. 

Calcium  and  Phosphorus  Content  of  the  Feeds  as  Fed. 


Material. 


Timothy  hay 
Alfalfa  hay. . 
Corn  silage. . 
Corn  (grain). 

Oil  meal 

Wheat  bran.. 
Bone  meal. . . 


percent 

0.406 
2.55 
0.118 
0.023 
0.550 
0.158 
48.10 


PiOi 


percent 

0.386 
0.514 

0.161 
0.543 
2.082 
2.796 
35.40 


DISCUSSION. 

As  was  expected,  decidedly  negative  calcium  and  phosphorus 
balances  were  obtained  during  the  timothy  hay  feeding  period. 
With  two  of  the  cows  (Nos.  1  and  3)  whose  daily  milk  production 
was  above  40  pounds,  the  negative  calcium  balances  were  as 
high  as  30  gm.  of  CaO  per  day  and  the  negative  phosphorus  bal- 
ances about  the  same.  In  the  case  of  Animal  2  with  a  daily 
milk  production  of  20  to  25  pounds,  the  calcium  loss  was  not  so 
large  as  with  the  other  two  animals.  During  this  period  the  daily 
calcium  intake  was  approximately  equal  to  the  daily  calcium 
content  of  the  milk  produced  by  Animals  1  and  3.  Although  in 
this  period  the  phosphorus  intake  was,  approximately,  three  times 
the  calcium  intake,  yet  negative  phosphorus  balances  resulted. 
This  would  be  expected.  While  negative  calcium  balances  ac- 
companied by  positive  phosphorus  balances  have  been  observed 
by  several  investigators,  yet  with  a  mature  animal  it  is  difficult 
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TABLE  II. 
Record  of  Calcium  Balance  of  Animal  1. 


Period. 


CaO  in 

feoea. 


CaO 

in 
urine. 


CaO  in 

milk. 


Total 

CaO 

excreted. 


Total 

CaO 

intake. 


Balance 
week. 


Balanoe 
*   per 
day. 


Milk 
per 

week. 


Timothy  hay  period. 


Dec.  12-19 

"  19-26 

"  26-Jan.  2. 
Jan.  2-9 


gm. 

181.05 
158.38 
168.54 
175.06 


gm. 

1.92 
1.23 
0.54 
1.31 


gm. 

291.16 
282.08 
239.68 
279.36 


gm. 

474.13 
441.69 
408.76 
455.73 


gm. 

258.57 
274.64 
274.64 
274.64 


gm. 

215.56 
167.05 
134.12 
181.09 


gm. 

30.37 
23.86 
19.16 
25.87 


327.2 
330.6 
332.6 
327.3 


Alfalfa  hay  period. 


Jan.  ir-16 

M  16-23 

"  23-30 

Jan.  30-Feb.  6  . . . 


526.31 
702.06 
692.45 
792.72 


5.15 
4.09 
3.22 
2.73 


269.12 
282.42 
258.99 
258.21 


800.58 

988.57 

954.66 

1,053.66 


935.79 
935.79 
935.79 
935.79 


+135.21 
-52.78 
-18.87 

-117.87 


+19.31 
-7.54 
-2.69 

-16.84 


323.7 
328.4 
306.4 
309.1 


Timothy  hay  +  bone  meal  period. 


Feb.  6-13 

"  13-20 

u  20-27 

"  27-Mar.  6 
Mar.  6-13 


767.18 
886.24 
863.93 
809.99 
809.20 


244.84 
239.22 
237.82 
219.32 
234.04 


1,013.20 
1,129.47 
1,104.45 
1,031.50 
1,044.94 


948.04 
948.04 
948.04 
948.04 
948.04 


-65.16 
-181.43 
-156.41 
-83.46 
-96.90 


-9.31 
-25.92 
-22.34 
-11.92 
-13.84 


293.1 
283.3 
284.7 
271.4 
292.9 


Record  of  Phosphorus  Balance  of  Animal  1 . 


Period. 


P«0»in 
feces. 

PtOfi 

in 
urine. 

p«o* 

in 
milk. 

Total 

PfO* 

excreted. 

Total 
P«Oi 

intake. 

Balance 

per 

week. 

Balance 
day. 


Timothy  hay  period. 


Dec.  12-19 

"  19-26 

u  26-Jan.  2  . . 
Jan.  2-9 


gm. 

gm. 

gm. 

gm. 

gm. 

gm. 

691.74 

2.93 

310.47 

1,005.14 

729.69 

-275.45 

696.41 

3.22 

300.09 

999.72 

751.62 

-248.10 

687.45 

3.01 

276.34 

966.80 

751.62 

-215.18 

695.52 

2.29 

309.08 

1,006.89 

751.62 

-255.27 

gm. 

39.35 
35.44 
30.74 
36.46 


Alfalfa  hay  period. 


Jan.  fr-16 

664.90 
553.15 
480  93 
447.40 

"  16-23 

u  23-30 

"  30-Feb.  6.... 

7.97 
15.40 
13  75 

6.58 


306.74 
300.25 

288.23 
294.70 


979.61 
868.80 
782.91 
748.68 


742.41 
742.41 
742.41 
742.41 


-237.20 

-126.39 

-40.50 

-6.27 


-33.88 
-18.05 
-5.78 
-0.89 


Timothy  hay  +  bone  meal  period. 


Feb.  fr-13 

"  13-20 

M  20-27 

"  27-Mar.  6. . . . 
Mar.  6-13 


927.87 
1,186.14 
1,052.44 
1,140.26 
1,179.80 


9.59 
14.83 
6.25 
6.38 
5.10 


268.79 
255.94 
254.62 
245.20 
268.61 


1,206.25 
1,456.91 
1,313.31 
1,391.84 
1,453.51 


1,247.22 
1,247.22 
1,247.22 
1,247.22 
1,247.22 


+40.97 
-209.69 

-66.09 
-144.62 
-206.29 


+5.85 
-29.95 

-9.44 
-20.66 
-29.49 


TABLE  m. 

Record  of  Calcium  Balance  of  Animal  $. 


Period. 


CaO  in 
feces. 

CaO 

in 
urine. 

CaO  in 
milk. 

Total 

CaO 

excreted. 

Total 

CaO 

intake. 

BaleiHW 
week. 

Balance 
aay. 

Milk 


Timothy  hay  period. 

gm. 

gm. 

gm. 

gm. 

gm. 

gm. 

gm. 

u». 

Dec.  12-19 

174.35 

0.95 

141.90 

317.20 

241.28 

-75.92 

-10.84 

164.5 

"    19-26 

189.34 

0.74 

144.17 

334.25 

257.35 

-76.90 

-10.98 

158.8 

"    26-Jan.  2. . 

167.36 

1.94 

149.94 

319.24 

237.58 

-81.66 

-11.66 

166.8 

Jan.  2-9 

219.69 

1.02 

135.11 

355.82 

234.28 

-121.54 

-17.36 

155.0 

Alfalfa  hay  perioc 

I. 

Jan.  9-16 

604.36 

0.80 

150.33 

755.49 

903.85 

+148.36 

+21.19 

153.3 

"    16-23 

780.89 

2.22 

164.09 

947.20 

903.85 

-43.35 

-6.19 

165.8 

"    23-30 

762.77 

2.39 

152.05 

917.21 

903.85 

-13.36 

-1.91 

156.5 

"   30-Feb.  6.. 

754.18 

1.51 

159.34 

915.03 

903.85 

-11.18 

-1.59 

164.0 

Timothy  hay  +  bone  meal  period. 


Feb.  6-13 

"    13-20 

"    20-27 

"   27-Mar.  6 . 
Mar.  6V13 


877.90 
791.74 
834.15 
670.03 
879.93 


2.50 
1.53 
2.22 
1.57 
1.66 


141.64 
133.62 
119.80 
104.49 
107.06 


1,022.02 
926.89 
956.17 
776.09 
988.65 


907.68 

907.68 

907.68 

907.68* 

907.68 


-114.34 
-19.21 
-48.49 

+131.59 
-80.97 


-16.33 

-2.74 

-6.93 

+18.79 

-11.56 


143.1 
139.5 
128.2 
109.5 
113.3 


Record  of  Phosphorus  Balance  of  Animal  2. 


Period. 


PsOiin 
feces. 

P«Oi 

in 
urine. 

P«Oi 

in 
milk. 

Total 

P«Oi 

excreted. 

Total 

P«Oi 

intake. 

Balanoe 

per 
week. 

Balance 
day. 


Timothy  hay  period. 


Dec.  12-19 

"    19-26 

"    26-Jan.  2. 
Jan.  2-£ 


gm. 

gm. 

gm. 

gm. 

gm. 

gm. 

621.64 

3.63 

164.30 

789.57 

568.57 

-221.00 

583.85 

3.97 

166.52 

754.34 

590.50 

-163.84 

502.07 

3.64 

168.11 

673.82 

532.15 

-141.67 

701 . 10 

4.77 

147.07 

852.94 

522.43 

-330.51 

gm. 

31.57 
23.40 
20.28 
47.21 


Alfalfa  hay  period. 


Jan.  9-16 

451.23 
413.74 
391.97 
390.45 

4.52 
2.63 

7.77 
3.82 

163.56 
173.88 
161.99 
170.50 

619.31 
590.25 
561.73 
564.77 

528.85 
528.85 
528.85 
528.85 

-90.46 
-61.40 
-32.88 
-35.92 

-12.92 

"    16-23 

-8.77 

"    23-30 

—4.69 

"    30-Feb.  6 

-5.13 

Timothy  hay  +  bone  meal  period. 


Feb.  6-13 

"    13-20 

"    20-27 

"    27-Mar.  6... 
Mar.  6-13 


850.72 
1,015.45 
1,115.16 

840.39 
1,048.24 


5.28 
4.01 
4.59 
4.13 
4.93 


144.87 
142.61 
125.62 
115.54 
122.28 


1,000.87 
1,162.07 
1,245.37 
960.06 
1,175.45 


1,018.03 
1,018.03 
1,018.03 
1,018.03 
1,018.03 


+17.16 
-144.04 
-227.34 

+57.97 
-157.42 


+2.45 
-20.58 
-32.47 

+8.28 
-22.49 


*  Indicated  positive  balance  not  an  actuality,  due  to  incomplete  eon- 
sumption   not  here   recorded. 
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TABLE  IV. 

Record  of  Calcium  Balance  of  Animal  S. 


Pariod. 


CaOin 


CaO 

in 
urine. 


CaO  in 

milk. 


Total 

CaO 

excreted. 


Total 
CaO 

intake. 


Balanoe 
week. 


Balance 

per 
>  day. 


Milk 
week. 


Timothy  hay  period. 


Dec.  12-19 

"   19-26 

"   26-Jan.  2. 
Jan.  2-9 


gm. 

gm. 

gm. 

gm. 

gm. 

gm. 

gm. 

259.31 

0.44 

227.22 

486.97 

254.25 

-232.72 

-33.24 

246.47 

0.38 

231.43 

478.28 

270.32 

-207.96 

-29.71 

246.94 

0.69 

241.24 

488.87 

270.32 

-218.55 

-31.22 

258.21 

0.56 

212.29 

471.06 

270.32 

-200.74 

-28.67 

lb*. 

272.4 
283.2 
273.9 
260.7 


Alfalfa  hay  period. 


€€ 


4€ 


€€ 


H6 

16-23 

23-30 

30-Feb.  6. . . 


458.49 
753.58 
736.40 
750.37 


0.89 
1.69 
0.89 
2.41 


207.49 
207.39 
207.32 
205.83 


666.87 
962.66 
944.61 
958.61 


866.50 
932.16 
932.16 
932.16 


4-199.63 
-30.50 
-12.45 
-26.45 


4-28.52 
-4.36 
-1.78 
-3.78 


253.9 
251.0 
251.7 
248.1 


Timothy  hay  4-  bone  meal  period. 


6-13 

13-20 

20-27 

«•  27-Mar.  6 
Mar.  6-13 


€€ 


€€ 


955.96 
887.04 
800.86 
774.24 
877.89 


2.40 
2.36 
2.09 
1.67 
1.87 


198.93 
184.05 
181.91 
186.06 
183.76 


1,157.29 

1,073.45 

984.86 

961.97 

1,063.52 


943.72 
943.72 
943.72 
943.72 
943.72 


-213.57 

-129.73 

-41.14 

-18.25 

-119.80 


-30.51 

-18.53 

-5.88 

-2.61 

-17.11 


235.6 
233.0 
222.6 
215.7 
215.3 


Record  of  Phosphorus  Balance  of  Animal  S. 


Period. 


PsO»in 
feces. 


PiOi 

P«0» 

Total 

Total 

in 

in 

PiO* 

PiOi 

urine. 

milk. 

excreted. 

intake 

Balance 

per 
week. 


Balance 
oer 
day. 


Timothy  hay  period. 


Dec.  1&-19 

"  19-26 

u  26-Jan.  2. 
Jan.  2-9 


gm. 

gm. 

gm. 

gm. 

gm. 

gm. 

695.48 

1.97 

279.08 

076.53 

696.04 

-280.49 

684.27 

4.01 

280.28 

968.56 

717.97 

-250.59 

718.85 

2.24 

279.79 

1,000.88 

717.97 

-282.91 

704.90 

2.23 

257.61 

964.74 

717.97 

-246.77 

gm. 

40.07 
35.79 
40.41 
35.25 


Alfalfa  hay  period. 

J*n.  9-16 

499.43 
459.61 
460.25 
443.04 

3.36 
2.19 
4.24 
2.87 

266.28 
247.28 
237.27 
249.93 

769.07 
709.08 
701.76 
695.84 

654.47 
704.81 
704.81 
704.81 

-114.60 
-4.27 
4-3.05 

4-8.97 

-16.37 

u  16-23 

-0.61 

"  23-30 

4-0.43 

u  30-Feb.  6.... 

4-126 

Timothy  hay  4-  bone  meal  period. 


Feb.  6-13 

u  13-20 

44  20-27 

"  27-Mar.  6. . . 
Mar.  fr-13 


1,282.08 
1,308.03 
1,166.98 
1,101.97 
1,050.80 


5.23 
4.90 
5.60 
3.74 
5.00 


236.39 
235.89 
218.29 
216.42 
223.83 


1,523.70 
1,548.82 
1,390.87 
1,322.13 
1,279.63 


1,213.57 
1,213.57 
1,213.57 
1,213.57 
1,213.57 


-310.13 
-335.25 
-177.30 
-108.56 
-66.06 


-44.30 
-47.89 
-25.33 
-15.51 
-9.44 
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to  conceive  how  such  a  situation  could  prevail  for  any  length  of 
time  with  calcium  phosphate  as  the  main  compound  in  which 
these  two  elements  are  stored.  In  spite  of  negative  calcium  and 
phosphorus  balances  the  milk  production  was  well  sustained  in 
this  period  by  all  the  animals. 

We  changed  the  animals  suddenly  to  the  alfalfa  hay  ration. 
From  our  previous  results  (1)  we  expected  positive  calcium  and 
phosphorus  balances  to  prevail.  We  did  have  a  positive  calcium 
balance  with  all  animals  for  the  1st  week,  but  after  that  negative 

table  v. 

Calcium  and  Inorganic  Phosphorus  in  the  Blood  at  Different  Stages 

of  the  Experiment. 


Animal 
No. 

Inorganic  P 

per  100  cc.  of 

serum. 

Ca  per  100  cc. 
of  serum. 

Time  of  taking  aample. 

1 
2 
3 

1 
2 
3 

1 
2 
3 

1 
2 
3 

mg. 
2.25 

2.63 
2.83 

5.97 
3.83 
2.90 

5.75 
4.38 
4.90 

mg. 

22.01 
22.60 
24.42 

16.34 
15.65 
15.90 

8.79 
9.81 
9.91 

16.10 
16.75 
16.75 

End  of  timothy  hay  period. 

4  day 8  after  change  to  alfalfa  hay. 

End  of  alfalfa  hay  period. 

End  of  timothy  hay  plus  steamed 
bone  meal  period. 

balances  resulted.  The  positive  calcium  balance  in  the  1st  week 
was  due  to  the  high  intake  of  this  element  incident  to  the  change 
in  the  ration  and  to  the  lag  in  elimination,  by  way  of  the  feces, 
of  the  residues  from  the  first  few  days  of  alfalfa  hay  feeding.  The 
true  situation  established  in  the  2nd  week  was  a  slight  but  dis- 
tinct negative  calcium  balance  for  all  the  animals  in  the  alfalfa 
hay  period.  The  phosphorus  balances  were  also  negative  for 
Animals  1  and  2  during  the  entire  period,  but  both  negative  and 
positive — or  equilibrium — for  Animal  3.    As  noted  above,  these 


Hart  et  al.  83 

results  differ  from  those  secured  by  us  in  an  earlier  experiment 
where  the  alfalfa  hay  had  been  cured  under  caps  and  out  of  long 
exposure  to  sunlight.  The  question  as  to  what  is  the  actual 
difference  between  alfalfa  hay  cured  under  caps  and  alfalfa  hay 
cured  in  the  windrow  with^t  comparatively  distinct  difference 
in  respect  to  the  time  of  exposure  to  light  and  air  cannot  be 
answered  at  present. 

It  is  known  that  the  fat-soluble  vitamine  is  destroyed  by  long 
exposure  to  light  and  air.  For  example,  when  melted  butter 
fat  has  been  poured  into  shallow  dishes,  thereby  presenting  a 
large  surface,  and  then  exposed  to  direct  light  and  bleached,  the 
fat-soluble  vitamine  is  destroyed.  We  are  not  assuming  that 
the  fat-soluble  vitamine  and  the  vitamine  of  green  plant  tissue 
influencing  calcium  assimilation  are  identical  and  consequently 
may  be  unjustified  in  predicting  parallel  behavior.  In  the  ab- 
sence of  full  experimental  data  on  the  effect  of  aging,  bleaching, 
and  exposure  of  plant  tissue  to  light  upon  the  destruction  of  this 
unknown  factor  affecting  calcium  assimilation,  discussion  of  the 
subject  is  useless.  We  have,  however,  shown  (5)  that  fresh  green 
oats  as  compared  with  oat  straw  is  much  more  effective  in  increas- 
ing calcium  assimilation.  The  oat  straw  is  also  low  in  the  fat- 
soluble  vitamine.  On  the  other  hand,  oat  hay  dried  out  of  direct 
sunlight  but  in  a  fairly  well  lighted  attic  appeared  to  retain  the 
properties  of  the  fresh  green  oats. 

The  fact  that  with  this  alfalfa  hay  positive  calcium  balances 
could  not  be  obtained  places  these  data  in  agreement  with  those 
secured  by  Forbes  (2)  and  by  Meigs  and  his  associates  (6).  Our 
earlier  data,  contrasted  with  these  later  results,  showed  that  it 
was  possible  to  provide  a  ration  of  natural  and  unsupplemented 
materials  which  could  maintain  calcium  and  phosphorus  equi- 
librium in  high  milking  animals.  Just  what  happened  in  the  treat- 
ment of  these  food  materials,  particularly  the  roughages,  to  bring 
about  these  differences  in  behavior  must  be  a  subject  for  further 
inquiry. 

It  should  be  emphasized  that  the  degree  of  negative  calcium 
*nd  phosphorus  balances  observed  with  the  alfalfa  hay  in  contrast 
with  the  timothy  hay  is  not  large  and  could  no  doubt  be  main- 
tained for  a  very  long  time  without  serious  results  to  the  animal. 

Fortifying  timothy  hay  with  bone  meal  did  not  result  in  main- 
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taining  positive  calcium  and  phosphorus  balances.  The  losses 
of  these  elements,  particularly  calcium,  were  reduced  as  compared 
with  the  period  on  unsupplemented  timothy  hay,  but  were  not 
changed  to  a  condition  of  storage  or  equilibrium.  The  combina- 
tion of  timothy  hay  and  bone  me^f  was  not  as  effective  as  the 
alfalfa  hay  alone.  We  interpret  these  results  as  indicating  that 
the  timothy  hay  possessed  less  of  the  vitamine  assisting  calcium 
assimilation  than  did  the  alfalfa  hay.  The  question  of  the  solu- 
bility of  the  combination  of  calcium  administered  is  often  raised, 
but  we  believe  that  question  to  be  only  of  secondary  importance 
— the  primary  factor  being  the  supply  in  the  ration  of  the  organic 
factor  influencing  calcium  assimilation.  For  example,  in  experi- 
ments with  swine  we  have  seen  the  development  of  rickets  meas- 
urably delayed  by  the  use  of  calcium  acetate  as  compared  with 
the  more  insoluble  calcium  phosphate  (floats),  but  the  end-re- 
sult was  the  same.  Forbes  (2)  likewise  found  with  milking  cows 
negative  calcium  balances  where  fortification  of  the  ration  was 
made  either  with  calcium  lactate,  calcium  chloride,  or  bone  flour. 

At  regular  intervals  during  the  course  of  these  experiments 
blood  was  taken  from  the  jugular  vein  for  inorganic  phosphorus 
and  total  calcium  determinations.  The  time  of  taking  the 
blood  in  reference  to  the  ration  fed  is  given  in  Table  V.  Our 
data  on  the  inorganic  phosphorus  content  of  the  blood  are  diffi- 
cult of  interpretation.  During  the  timothy  hay  period  the  amount 
of  inorganic  phosphorus  in  the  blood  of  all  these  animals  was  low 
as  compared  with  data  secured  in  the  later  periods  of  higher  cal- 
cium intake  and  also  with  data  secured  by  Meigs  and  his  associates 
(6)  on  cows  receiving  a  ration  of  grains,  corn  silage,  and  alfalfa 
hay.  The  data  are  more  in  harmony  with  the  condition  observed 
by  Howland  and  Kramer  (7)  in  rachitic  children  where  the  inor- 
ganic phosphorus  content  of  the  blood  is  unusually  low  in  amount. 
Although  decided  but  reduced  negative  phosphorus  balances 
prevailed  in  both  the  alfalfa  hay  period  and  the  period  of  timothy 
hay  plus  bone  meal,  yet  the  inorganic  phosphorus  content  of  the 
blood  was  in  all  cases  but  one,  distinctly  higher  than  in  the  tim- 
othy hay  period. 

The  results  on  total  calcium  in  the  blood  are  exceedingly  in- 
teresting. From  the  recent  literature  on  the  subject  the  inference 
is  gained  that  the  calcium  content  of  the  blood  is  subject  to  but 
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slight  variations — that  the  range  may  be  from  9  to  12  mg.  per 
100  cc.  of  plasma  or  serum.  This  has  been  the  amount  found  in 
the  plasma  of  normal  human  beings  and  of  horses,  dogs,  and 
cattle  (6).  That  variations  from  the  above  figures  may  occur 
is  also  evident  from  a  limited  number  of  observations  recorded 
in  the  literature.  By  feeding  calcium  lactate  to  two  dogs  Boggs 
(8)  found  an  increase  of  36  per  cent  in  the  calcium  content  of 
the  whole  blood  or  an  increase  from  6.3  mg.  per  100  cc.  of  blood 
to  8.6  mg.  AUers  and  Bondi  (9)  doubled  the  calcium  content 
of  the  blood  of  rabbits  by  feeding  large  doses  of  hydrochloric 
acid.  Meigs  (6)  calls  attention  to  the  correlation  between  the 
work  of  Hasselbalch  and  Gammeltoft  (10)  who  showed  that  in 
pregnancy  in  human  beings  there  is  a  definite  tendency  for  the 
H  ion  concentration  of  the  blood  at  a  fixed  CO*  tension  to  be  in- 
creased and  the  results  of  Lamers  (11)  who  found  an  increased 
plasma  calcium  in  pregnancy  and  particularly  during  labor. 
Meigs  found  the  plasma  calcium  in  new-born  heifers  as  high  as 
13.7  mg.  per  100  cc,  while  the  amount  in  the  plasma  of  pregnant 
and  lactating  cows  was  approximately  10  mg. 

This  tendency  of  the  calcium  content  of  the  blood  to  variation 
led  Meigs  and  his  associates  to  adopt  as  an  explanation  of  this 
phenomenon  the  modern  view-point  of  the  influence  of  reac- 
tion—H  ion  concentration — on  the  bicarbonate  content  of  the 
blood  and  the  inverse  relation  of  the  latter  to  the  calcium  con- 
centration in  the  blood.  In  other  words,  a  higher  acidity  of  the 
blood  means  a  decreased  bicarbonate  concentration  with  a 
resultant  possibility  of  a  higher  concentration  of  calcium. 
This  appears  to  be  a  logical  deduction  and  explanation  for  such 
variations. 

Unfortunately,  we  made  no  bicarbonate  determinations  in 
the  blood  of  our  animals,  and  consequently  cannot  present  data 
bearing  on  the  above  theory.  A  comparatively  low  intake  of 
calcium,  such  as  prevailed  during  the  timothy  hay  period,  did  not 
result  in  a  low  calcium  concentration  of  the  blood  plasma;  but, 
on  the  contrary,  an  unusually  high  calcium  concentration  pre- 
vailed. In  a  recent  publication  (12)  we  recorded  a  very  limited 
amount  of  data  secured  with  dry  cows  which  showed  that  the 
alkaline  reserve  of  the  blood  in  the  case  of  cows  receiving  a  ra- 
tion low  in  calcium  content — oat  grain  plus  oat  straw — as  com- 
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pared  with  a  calcium-rich  ration — alfalfa  hay — was  not  different. 
But  in  the  case  of  heavy  milking  cows  the  situation  may  be  en- 
tirely different.  If  the  above  theory,  explaining  calcium  varia- 
tions in  the  blood,  is  correct  then  the  alkaline  reserve  of  the  bloods 
of  these  animals  during  the  timothy  hay  period  must  have  been 
reduced. 

With  the  change  to  the  alfalfa  ration  the  calcium  concentra- 
tion of  the  blood  decreased  from  over  20  mg.  per  100  cc.  of  serum 
on  the  timothy  hay  to  approximately  10  mg.  per  100  co.  of  serum. 
This  change  was  a  gradual  one  as  shown  by  the  fact  that  4  days 
after  the  change  to  the  alfalfa  hay  the  calcium  concentration  of 
the  blood  had  decreased  to  about  16  mg.  per  100  cc.  of  serum. 
With  the  return  to  the  timothy  hay  plus  bone  meal  ration  the 
blood  calcium  again  rose  from  approximately  10  to  16  mg.  per 
100  cc.  of  serum,  but  not  to  as  high  a  level  as  when  the  timothy 
hay  alone  was  fed.  As  shown  in  the  table  of  calcium  balances 
some  use,  but  not  a  complete  one,  of  the  bone  meal  had  been 
made. 

Before  permanently  incorporating  into  this  paper  the  data  on 
the  calcium  content  of  the  blood  of  these  animals  we  submitted 
them  for  criticism  to  Dr.  E.  B.  Meigs,  of  the  Dairy  Division, 
United  States  Department  of  Agriculture.  We  did  this  because 
of  the  unusual  variations  observed.  It  so  happend  that  Dr. 
Meigs  had  accumulated  data  on  the  same  problem  in  the  feeding 
of  milking  cows  with  results  in  reference  to  blood  calcium  directly 
contrary  to  our  own.  In  fact,  on  the  timothy  hay  he  used  as 
contrasted  with  alfalfa  hay  the  plasma  calcium  was  reported  some- 
what lower.  Fortunately,  we  had  a  group  of  high  milking  cows 
that  had  been  for  several  months  on  the  same  timothy  hay, 
plus  corn  silage  and  a  grain  mixture,  as  used  in  our  metabolism 
experiments  and  another  group  of  cows  upon  alfalfa  hay,  corn 
silage,  and  a  grain  mixture.  This  alfalfa  hay  was  not  the  same 
as  that  used  with  the  three  cows  involved  in  the  balance  experi- 
ments. These  two  groups  of  cows  were  not  in  the  metabolism 
stalls,  but  being  managed  as  in  ordinary  herd  management.  In 
addition  to  the  rations  mentioned  they  had  received  daily  per 
individual  ^  pound  of  steamed  bone  meal  for  approximately 
60  days  during  the  dry  period  just  before  parturition.  They  had 
been  milking  about  3  months  when  the  blood  samples  were  taken. 
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Their  daily  milk  production  was  from  35  to  50  pounds  of  milk 
per  individual. 

Blood  was  taken  from  the  jugular  vein  and  analyses  for  total 
calcium  were  made  both  by  the  Halverson  method,  which  we 
had  always  used  in  our  work,  and  by  the  method  Meigs  had  used 

TABLE  VI. 

Calcium  by  Two  Methods  in  the  Blood  of  a  Second  Group  of  Cows  Receiving 

Low  and  High  Calcium  Intake. 


Cow 
No. 


5 


6 


8 


Determi- 
nation. 

Halverson 
method. 
Mg.  per 
100  cc.  of 
plasma. 

a 

12.26 
12.34 
12.30 

11.96 
11.64 
11.80 

10.58 
10.35 
10.46 

11.96 
12.26 
12.11 

11.11 

Lost. 

11.11 

10.03 
9.81 
9.92 

10.58 
10.35 
10.47 

b 

Average  . 
a 

b 

Average  . 
a 

b 

Average  . 
a 

b 

Average  . 
a 

b 

Average  . 
a 

b 

Average  . 
a 

b 

Average  . 

Determi- 
nation. 


a. 
b. 


Average  . 


a. 
b. 


Average 


a. 
b. 


Average 


a. 
b. 


Average 


a. 
b. 


Average 


a. 
b. 


Average 


a. 
b. 


Average 


Meigs' 
method. 
Mg.  per 
100  cc.  of 
plasma. 

Remarks. 

8.99 

Timothy  hay. 

10.70 

9.85 

9.33 

Timothy  hay. 

9.58 

9.45 

8.63 

Timothy  hay. 

9.08 

8.85 

10.02 

Alfalfa  hay. 

9.65 

9.83 

9.31 

Alfalfa  hay. 

9.26 

9.29 

9.29 

Alfalfa  hay. 

9.34 

9.32 

8.71 

Alfalfa  hay. 

7.45 

808 

(6).  We  believe  that  the  physiological  status  of  these  animals 
could  not  have  been  different  from  the  three  involved  in  the 
complete  balance  experiments  whose  blood  calcium  varied  greatly. 
However,  in  this  opinion  we  may  be  wrong  because  of  the  longer 


88  Calcium  Assimilation.     Ill 

exposure  of  these  animals  to  the  particular  ration.  The  data  on 
the  blood  analysis  for  calcium  of  the  two  groups  of  cows  and  by 
the  two  different  methods  are  given  in  Table  VI. 

A  survey  of  the  data  shows  that  the  two  methods  varied  by 
about  20  per  cent,  the  Halverson  method  consistently  running 
higher.  More  important  than  the  comparison  of  the  methods 
was  the  uniform  amount  of  calcium  in  the  blood  of  these  animals. 
Those  receiving  the  mineral-poor  ration — timothy  hay — had 
approximately  as  much  calcium  in  the  blood  as  those  receiving 
the  alfalfa  hay.  These  data  are  very  different  from  the  blood 
calcium  records  for  the  animals  in  the  metabolism  experiments 
as  shown  in  Table  V.  We  do  not  believe  that  the  difference 
is  one  of  analytical  error  as  the  work  was  done  using  the  same 
reagents  and  by  the  same  analyst.  Whether  distinct  differences 
in  rations  in  respect  to  mineral  content  and  with  but  limited 
time  for  adjustment  such  as  prevailed  with  the  metabolism  cows 
can  explain  these  differences  is  a  problem.  At  present  we  have 
no  suggestion  to  offer  as  an  explanation  of  the  apparent  discrepancy. 

SUMMARY. 

1.  Cows  producing  from  20  to  45  pounds  of  milk  per  day  were 
in  negative  calcium  and  phosphorus  balances  on  rations  composed 
of  grains  and  their  by-products,  corn  silage  and  timothy  hay. 

2.  Substituting  alfalfa  hay  for  the  timothy  hay  reduced  the 
losses  but  did  not  bring  about  calcium  and  phosphorus  equilib- 
rium; negative  balances  continued.  These  data  with  this  al- 
falfa hay  are  distinctly  contrary  to  our  earlier  observations  where 
positive  calcium  balances  were  obtained  with  an  alfalfa  hay  (1). 
The  alfalfa  hay  used  in  the  earlier  experiments  was  cured  under 
caps;  while  the  alfalfa  hay  used  in  this  later  experiment  was  cured 
in  the  windrow  with  exposure  to  air  and  light  for  4  days.  These 
differences  in  effect  of  the  two  alfalfa  hays  may  be  attributed  to 
a  difference  in  the  degree  of  destruction  dining  the  curing  process 
of  the  vitamine  assisting  calcium  assimilation. 

3.  Supplementing  the  timothy  hay  with  bone  meal  did  not 
result  in  establishing  positive  calcium  and  phosphorus  balances 
or  even  equilibrium;  although  the  losses  of  these  elements  were 
reduced  as  compared  with  the  unsupplemented  timothy  hay. 
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4.  Blood  calcium  was  comparatively  high  in  amount  during 
the  timothy  hay  period  when  the  calcium  losses  were  greatest. 
It  was  between  20  and  25  mg.  per  100  cc.  of  serum.  In  the  alfalfa 
period  it  dropped  to  approximately  10  mg.  per  100  cc.  of  serum, 
but  rose  again  to  16  mg.  during  the  timothy  hay  +  bone  meal  period. 
With  two  other  groups  of  cows  not  in  metabolism  stalls,  but  one 
group  receiving  timothy  hay,  or  a  low  calcium  intake,  and  the 
other  group  receiving  an  alfalfa  hay,  or  a  liberal  calcium  intake, 
no  such  difference  in  the  blood  calcium  was  observed. 

5.  Inorganic  phosphorus  in  the  blood  was  low  in  amount 
(luring  the  timothy  hay  period,  but  considerably  higher  in  the 
alfalfa  and  timothy  hay  plus  bone  meal  periods. 

BIBLIOGRAPHY. 

1.  Hart,  E.  B.,  Steenbock,  H.,  Hoppert,  C.  A.,  and  Humphrey,  G.  C, 

/.  Biol.  Chem.,  1922,  liii,  21. 

2.  Forbes,  E.  B.,  Beegle,  F.  M.,  Fritz,  C.  M.,  Morgan,  L.  E.,  and  Rhue, 

8.  N.,  Ohio  Agric.  Exp.  Station,  Bull.  295,  1916;  Bull.  S08,  1917. 
Forbes,  E.B.,  Halverson,  J.  O.,  and  Morgan,  L.  E.,  Ohio  Agric.  Exp. 
Station,  Bull.  SS0,  1918. 

3.  Marriott,  W.  McK.,  and  Haessler,  F.  H.,  /.  Biol.  Chem.,  1917,  xxxii, 

241. 

4.  Halverson,  J.  O.,  and  Bergeim,  O.,  /.  Biol.  Chem.,  1917,  xxxii,  159. 

5.  Steenbock,  H.,  and  Hart,  E.  B.,  J.  Biol.  Chem.,  1913,  xiv,  59.    Hart, 

E.  B.,  Steenbock,  H.,  and  Hoppert,  C.  A.,  J.  Biol.  Chem.,  1921, 
xlviii,  33. 

6.  Meigs,  E.  B.,  Blatherwick,  N.  R.,  and  Cary,  C.  A.,  J.  Biol.  Chem.,  1919, 

xl,  469. 

7.  Howl  and,  J.,  and  Kramer,  B.,  Am.  J.  Dis.  Child.,  1921,  xxii,  105. 

8.  Boggs,  T.  R.,  Bull.  Johns  Hopkins  Hosp.,  1908,  xix,  201. 

9.  Allers,  R.  A.,  and  Bondi,  S.,  Biochem.  Z.,  1907,  vi,  366. 

10.  Hasselbalch,  K.  A.,  and  Gammeltoft,  S.  A.,  Biochem.  Z.t  1915,  lxviii, 

206. 

11.  Lamers,  A.  J.  M.,  Z.  Geburtsh.  u.  Gyndk.,  1912,  lxxi,  393. 

12.  Hart,  E.  B.,  Steenbock,  H.,  and  Humphrey,  G.  C,  Wisconsin  Exp. 

Station,  Research  Bull.  49,  1920. 


UNSATURATED  FATTY  ACIDS  OF  BRAIN  CEPHALINS. 

By  P.  A.  LEVENE  and  IDA  P.  BOLF. 
{From  the  Laboratories  of  The  Rockefeller  Institute  for  Medical  Research. ) 
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Cephalin  was  recognized  as  a  substance  distinct  from  lecithin 
by  Thudichum.1  According  to  this  author,  the  differences  in  the 
properties  of  the  two  substances  were  due  to  the  differences  in  the 
structure  of  the  fatty  acids  and  of  the  bases  which  enter  into  their 
respective  molecules.  As  regards  the  structure  of  the  base,  the 
views  of  Thudichum  were  confirmed  by  the  more  recent  and  more 
modern  work.  His  views  on  the  nature  of  the  fatty  acids  also, 
seemed  to  have  been  corroborated  by  later  work  of  Cousin,* 
FaTk,*  and  especially  that  of  Parnas.4 

Recent  work  on  the  fatty  acids  of  lecithin  has  led  to  the  dis- 
covery that  at  least  two  and  probably  three  unsaturated  and  two 
saturated  acids  are  present  in  the  mixed  lecithins.5-6,7  In  the  light 
of  this  experience  it  seemed  desirable  to  subject  the  problem  of 
the  nature  of  the  fatty  acids  of  cephalin  to  a  new  investigation. 

The  material  used  for  the  present  work  was  entirely  free  from 
lecithin  and  neutral  fats.  It  was  also  entirely  free  from  substances 
containing  non-amino  nitrogen.  As  is  seen  from  its  elementary 
composition  this  material  consisted  in  part  of  cephalin  which  had 
undergone  partial  hydrolysis.  It  was  as  pure  as  the  best  that 
had  been  used  by  the  previous  workers.  From  this  material  pure 
cephalin    undoubtedly   can   be   prepared.    The   purification   is 

1  Thudichum,  J.  L.  W.,  A  treatise  on  the  chemical  constitution  of  the 
brain,  London,  1884. 

1  Cousin,  M.  H.,  Compt.  rend.  Soc.  biol.,  1906,  lxi,  23. 

1  Falk,  F.,  Biochem.  Z.,  1909,  xvi,  187. 

4  Parnas,  J.,  Biochem.  Z.,  1909,  xxii,  411;  1913,  lvi,  17. 

»  Levene,  P.  A.,  and  Simms,  H.  S.,  J.  Biol.  Chem.,  1922,  ii,  285. 

•  Levene,  P.  A.,  and  Bolf,  I.  P.,  /.  Biol.  Chem.,  1922,  li,  507. 

r  Levene,  P.  A.,  and  Bolf,  I.  P.,  /.  Biol.  Chem.,  1921,  xivi,  363. 
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time-consuming  and  results  in  much  loss  of  material.  In  the 
course  of  the  work  the  highly  unsaturated  acids  may  undergo 
oxidation.  Owing  to  these  considerations  the  purification  of  the 
material  was  limited  to  the  stage  in  which  it  was  free  from  non- 
ammo  nitrogen,  in  other  words,  free  from  lecithin.  Such  material 
may  yield  fewer,  not  a  greater  number  of  fatty  acids  than  are  pres- 
ent in  the  pure  cephalin. 

Following  the  course  of  analysis  as  employed  in  the  work  on 
lecithin,  it  was  possible  to  isolate  from  cephalin  two  unsaturated 
fatty  acids;  namely,  oleic  and  arachidonic  acid.  The  oleic  acid 
was  separated  first  as  a  barium  salt  (mixed  with  the  saturated 
acids).  This  was  then  converted  into  the  free  acid  and  as  such 
it  was  identified  by  the  iodine  number  and  by  the  fact  that  on 
hydrogenation  it  yielded  stearic  acid.  The  presence  of  ara- 
chidonic acid  was  demonstrated  by  the  isolation  of  its  octabromide, 
and  by  the  isolation  of  arachidic  acid  from  the  product  of  hydro- 
genation of  the  unsaturated  fatty  acids. 

Since  a  minor  fraction  only,  of  the  highly  unsaturated  acids 
was  converted  into  the  insoluble  octabromides,  there  still  remains 
the  possibility  of  the  discovery  of  other  unsaturated  acids.  At 
present  no  evidence  is  available  in  support  of  the  assumption  that 
linolic  acid  is  the  principal  unsaturated  acid  of  cephalin. 

From  the  saturated  fatty  acid  fraction,  stearic  acid  was  isolated 
in  pure  condition.  This  fraction,  however,  also  contained  other 
acids  of  a  different  composition.  This  material  is  now  under 
further  investigation. 

EXPERIMENTAL. 

A.  Preparation  of  Cephalin. 

Ox  brains  were  extracted  first  with  acetone  and  subsequently 
with  ether  containing  5  per  cent  of  water.  From  the  concentrated 
ethereal  extract,  the  bulk  of  the  cerebrosides  was  removed  by 
filtration  at  0°C.  The  filtrate  was  then  fractionated  with  alcohol. 
The  precipitate  after  purification  yielded  material  which  con- 
tained all  of  its  nitrogen  as  amino  nitrogen.  Two  methods  of 
purification  were  employed  on  each  sample.  The  first  is  that 
described  by  Levene  and  Ingvaldsen.8    The  crude  cephalin  is 

•  Levene,  P.  A.,  and  Ingvaldsen,  T.,  J.  Biol.  Chem.f  1920,  xliii,  359. 
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dissolved  in  glacial  acetic  acid.  This  solution  is  allowed  to  stand 
for  18  hours  at  15°C.  The  precipitate,  consisting  of  cholesterol 
and  cerebrosides,  is  removed  by  filtration.  To  the  filtrate  about 
10  volumes  of  alcohol  are  added  and  again  the  mixture  is  allowed 
to  stand  over  night  at  0°C.  and  the  resultant  precipitate  removed. 
The  filtrate,  after  concentration  in  vacuo,  is  emulsified  with  water 
and  precipitated  with  acetone.  This  method  of  purification 
yields  material  with  a  markedly  higher  carbon  content  than  that 
of  the  original  mixture. 

The  second  method  of  purification  permits  the  separation  of 
two  types  of  material,  one,  the  amino  content  of  which  is  greatly 
increased,  and  one  of  a  greater  carbon  content  than  the  original 
material.  Crude  cephalin  is  dissolved  in  a  minimal  quantity  of 
warm  ether.  To  this,  warm  alcohol  is  gradually  added,  not, 
however,  in  sufficient  quantity  to  cause  precipitation.  A  satu- 
rated alcoholic  solution  of  cadmium  chloride  is  added,  until  no 
further  precipitation  occurs.  The  mother  liquor  (A)  is  decanted 
from  the  precipitate  (B)  and  concentrated  to  dryness  under 
diminished  pressure.  The  residue  is  extracted  with  ether  and 
the  ethereal  solution,  after  filtration  from  the  inorganic  precipitate, 
is  again  concentrated,  emulsified  with  water,  and  precipitated  with 
acetone.  The  yields  of  such  precipitates  have  been  as  high  as 
20  per  cent  of  the  starting  material.  Since  this  consists  only  of 
the  more  highly  unsaturated  fraction,  great  variation  is  experi- 
enced between  different  lots  of  cephalin.  The  precipitate  (B) 
referred  to  above,  contains  lecithin  cadmium  chloride  (C)  and 
"cephalin"  (D)  of  a  lower  carbon  content.  The  latter  is  separated 
by  its  solubility  in  glacial  acetic  acid.  This  procedure  constitutes 
the  simplest  means  thus  far  used  for  the  preparation  of  "cephalin" 
of  high  amino  content. 

Of  such  fractionation  the  following  results  are  typical: 

No.  216  was  the  alcohol-soluble  fraction  of  an  ethereal  extract. 
It  was  purified  by  the  glacial  acetic  acid-alcohol  method,  and 
analysed  as  follows: 

0.106O  gm.  substance:  0.0926  gm.  H,0,  0.2426  gm.  CO,,  and  0.0126  gm. 
ash. 

0.1880  "  "  required  (Kjeldahl)  2.85  cc.  0.1  n  acid. 

0.2819  "  "         :  (fusion)  0.0412  gm.  Mg,P,0T. 

0.2  gm.  was  dissolved  in  glacial  acetic  acid. 
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5  oo.  of  this  solution  required  (Kjeldahl)  1.25  cc.  0.1  n  acid. 
2  "     "    "  "       :  (Van  Slyke)  0.71  cc.  N,  at  24°C.,  766.5  mm. 

0.2781  gm.  substance  absorbed  0.2154  gm.  iodine. 

Found  (No.  216).    C  64.10,  H  9.92,  N  2.02,  P  4.07. 

Amino  Nt      56        T   ,.     XT         OA 
T5tilN7-l0O       I°d™  No.  =  80 

No.  216  was  fractionated  through  the  use  of  cadmium  chloride, 
as  described  above.  The  material  obtained  from  the  mother 
liquor  (A)  analyzed  as  follows: 

No.  220.    0.1090  gm.  substance:  0.0984  gm.  H,0,  0.2574  gm.  CO,,  and 

0.0112  gm.  ash. 

0.1838  gm.  substance  required  (Kjeldahl)  2.65  cc.  of  0.1  n  acid. 

0.2757    "  "         :  (fusion)  0.0400  gm.  Mg,PfOT. 

0.2  gm.  substance  was  dissolved  in  glacial  acetic  acid. 

5  cc.  of  this  solution  required  (Kjeldahl)  0.75  cc.  0.1  n  acid. 

2    u    a    u  «       .  (yan  glyke)  0  55  cc  of  Nf  at  Uoq9  7W  5  ^ 

0.2724  gm.  substance  absorbed  0.2630  gm.  iodine. 

Found  (No.  220).    C  65.05,  H  10.23,  N  2.01,  P  4.04. 

Amino  Nt       73        T   ,.      XT         ^ 

mam  -  ioo    Iodme  No-  -  " 

The  lecithin  cadmium  chloride  salt  (C),  insoluble  in  glacial 
acetic  acid,  contained  25  per  cent  amino  nitrogen  and  had  an 
iodine  number  of  40. 

That  fraction  (D)  which  was  extracted  by  the  glacial  acetic 
acid  had  the  following  composition: 

0.1040  gm.  substance:  0.0884  gm.  HfO,  0.2306  gm.  CO,,  and  0.0144  gm. 
ash. 

0.1867  gm.  substance  required  (Kjeldahl)  2.70  co.  0.1  n  acid. 
0.2801    "  "         :  (fusion)  0.0410  gm.  Mg,P,07. 

0.2  gm.  substance  was  dissolved  in  glacial  acetic  acid. 
5  cc.  of  this  solution  required  (Kjeldahl)  0.75  cc.  of  0.1  n  acid. 
2    «    «    "  "       :  (Van  Slyke)  1.10  cc.  N,  at  22°C,  773.2  mm. 

0.2915  gm.  substance  absorbed  0.2249  gm.  iodine. 

Found  (No.  218).    C  62.11,  H  9.90,  N  2.02,  P  4.07. 

Amino  N,      103        T    ,.      XT         w 

t3uonT " ioo      Iodme No-  -  n 

This  material  served  as  the  source  of  the  fatty  acids  to  be 
described  later.    The  cephalin  was  boiled  for  12  hours  with  10 
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per  oent  hydrochloric  acid,  and  the  fatty  acids  were  extracted 
with  ether.  Owing  to  the  presence  of  considerable  resinous 
material  which  was  not  wholly  removed  even  by  this  method,  it 
was  found  expedient  to  esterify  the  mixed  acids  and  extract  the 
esters  with  ether.  This  solution  was  thoroughly  washed  with  a 
solution  of  dilute  sodium  carbonate,  and  repeatedly  filtered. 
The  esters  were  saponified  with  barium  hydroxide  and  the  barium 
salts  separated  into  two  fractions  by  the  method  described  in  a 
previous  publication.8 

B,  Saturated  Acids. 

From  the  barium  salts  which  were  insoluble  in  benzene-alcohol, 
the  acids  were  liberated.  These  acids,  consisting  of  mixed  satu- 
rated and  oleic  acids,  were  converted  into  lead  salts  and  the 
lead  oleate  was  extracted  by  a  large  volume  of  ether.  The  residual 
salts  of  the  saturated  acids  were  dissolved  in  toluene  and  from 
them  the  free  acids  were  liberated  by  hydrogen  sulfide.  They 
were  then  esterified  and  the  methyl  esters  after  recrystallization 
were  fractionated  by  distillation  at  a  pressure  of  1.9  mm. 

The  esters  were  saponified,  and  analyses,  melting  points,  and 
molecular  weight  determinations  made  on  the  free  acids.  The 
drying,  analyses,  and  molecular  weight  determinations  were 
carried  out  in  the  manner  described  in  previous  papers.6-7  The 
melting  points,  however,  were  taken  in  a  bath  which  was  con- 
tinuously stirred.  A  corrected  thermometer  was  used,  and  the 
time  interval  per  degree  rise  in  temperature  was  6  seconds. 

No.  572.    0.1006  gm.  substance:  0.1166  gm.  HiO  and  0.2788  gm.  COt. 

1.0056    "  "        required  for  neutralization  7.05  ec.  of 

0.5  n  NaOH,  corresponding  to  a  mol.  wt.  of  285. 
No.  562.    0.0993  gm.  substance:  0.1186  gm.  H,0  and  0.2766  gm.  CO,. 

1.1524    "  "  required  for  neutralization  7.96  cc.  of 

0.5  n  NaOH. 
No.  563.    0.1010  gm.  substance:  0.1162  gm.  H»0  and  0.2724  gm.  CO*. 

1.0378    "  "  required  for  neutralization  7.10  cc.  of 

0.5  n  NaOH. 
No.  564.    The  residue,  was  insufficient  for  either  molecular  weight  or 

analysis. 
CitHtfOi.    Calculated.    C  75.98,  H   12.76   (Mol.  wt.  -  284.    Melting 

point  =  70-71  °C.) 
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No. 

Boiling 
point  of 

ester. 
Pressure 
1.9  mm. 

Weight 
of  ester. 

Analysis  of  add. 

Molecular 
weight 
of  acid. 

Melting 

C 

H 

point 
of  add. 

•c. 

gm. 

•c. 

Found. 

572 

165-172 

5 

75.57 

12.97 

285 

70-71 

u 

562 

172 

12 

75.96 

13.36 

289 

64-65 

a 

563 

175-185 

5 

74.03 

12.87 

292 

66-67 

a 

564 

Residue. 

1 

76 

C.  Oleic  Acid. 

The  lead  salt  which  was  extracted  by  ether  from  the  saturated 
lead  salts,  was  converted  into  the  free  acid.  This  was  a  light 
yellow  mobile  liquid.  0.2540  gm.  of  substance  absorbed  0.2273 
gm.  of  iodine,  corresponding  to  an  iodine  number  of  90.  The 
iodine  number  of  oleic  acid  is  90. 

This  substance  was  hydrogenated  and  the  saturated  acid  had 
the  following  analysis,  molecular  weight,  and  melting  point: 


0.1008  gm.  substance:  0.1170  gm.  H,0  and  0.2800 ^m.  CO,. 

0.9492    "  "         required  for  neutralization  6.67  cc.  of  0.5  n  NaOH. 

It  melted  at  70-71°C. 

CisH„0,.    Calculated.  C  75.98,   H  12.76.     (Mol.  wt.  -   284.) 

Melting  point  =  70-71°C.) 
Found   (No.   571).    C  75.75,   H   12.99.     (Mol.  wt.    -    284. 

Melting  point  -  70-71°C.) 

D.  The  More  Unsaturated  Acids. 

The  barium  salts  which  were  soluble  in  the  benzene-alcohol 
mixture  were  converted  into  free  acids.  As  such  they  formed  a 
dark  mobile  liquid  having  an  iodine  number  of  140. 

0.2611  gm.  of  substance  absorbed  0.3677  gm.  of  iodine.  60  gm. 
of  No.  517  were  esterified  and  the  ethyl  esters  hydrogenated  by 
PaaFs  method.  The  unsaturated  esters  were  recrystallized  from 
alcohol,  and  fractionated  by  distillation  at  1.9  mm.  pressure. 
After  saponification,  the  acids  gave  the  analyses,  molecular  weights, 
and  melting  points  recorded  below. 

No.  549.     (Mixed  esters  before  fractionation  after  saponification  to  the 
acid.)    0.1008  gm.  substance:  0.1062  gm.  H,0  and  0.2642  gm.  CO,. 
No.  550.    0.0978  gm.  substance:  0.0772  gm.  H«0  and  0.2080  gm.  COf. 

0.9637     "  "  required   for   neutralization   4.70    cc. 

0.5  n  NaOH. 
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No.  551. 


No.  552. 


No.  553. 


No.  554. 


No.  555. 


No.  556. 


0.1010  gm. 
1.0130    " 

0.1008  gm. 
1.0721    " 

0.1002  gm. 
0.9228    " 

0.1009  gm. 
1.0647    " 

0.1010  gm. 
1.0727    " 

0.1008  gm. 
1.0646    " 


substance 


substance 


substance 

substance 
« 


substance 

« 


substance 


:  0.1154  gm.  H,0  and  0.2562  gm.  CO,, 
required  for  neutralization  5.85  cc.  of 

0.5  n  NaOH. 
:  0.1156  gm.  H,0  and  0.2828  gm.  CO,, 
required  for  neutralization  5.73  cc.  of 

0.5  n  NaOH. 
:  0.1146  gm.  H,0  and  0.2830  gm.  CO,, 
required  for  neutralization  6.12  cc.  of 

0.5  n  NaOH. 
:  0.1190  gm.  H,0  and  0.2838  gm.  CO,, 
required  for  neutralization  6.25  cc.  of 

0.5  n  NaOH. 
:  0.1204  gm.  H,0  and  0.2854  gm.  CO,, 
required  for  neutralization  6.00  cc.  of 

0.5  N  NaOH. 
:  0.1214  gm.  H,0  and  0.2862  gm.  CO,, 
required  for  neutralization  5.95  cc.  of 

0.5  n  NaOH. 


Nos.  555  and  556  were  combined  and  purified  by  conversion 
into  the  lead  salt.  The  liberated  acids  were  fractionally  distilled 
and  the  lower  fraction  (No.  573)  gave  the  following  analysis  and 
neutralizaton  value. 

0.0665  gm.  substance:  0.1024  gm.  H*0  and  0.2432  gm.  CO,. 

0.3626    "  "         required  for  neutralization  2.30  cc.  of  0.5  n  NaOH. 

CJW),.    Calculated.    C  75.98,  H  12.76.    (Mol.  wt.  -  284.    Melting 

point  =  70-71°C.) 
Ci»H4A.    Calculated.    C  76.95,  H  12.81.    (Mol.  wt.  =  312.    Melting 

point  =  75-77°C.) 


No. 

Boiling 
point  of 

eeter. 
Pressure 
1.0  mm. 

Weight 
of  ester. 

Analysis 

of  acid. 

Molecular 

weight 

of  acid. 

Melting 

C 

H 

point 
of  acid. 

•c. 

gm. 

°C. 

Found. 

549 
(Mixed 
esters.) 

71.47 

11.79 

M 

550 

170-185 

3 

57.99 

8.83 

410 

M 

551 

185-190 

8 

69.17 

12.78 

347 

62-63 

a 

552 

185-195 

6 

76.51 

12.83 

373 

58-59 

tt 

553 

190-207 

8 

77.04 

12.80 

316 

62-63 

« 

554 

195-205 

5 

76.70 

13.19 

341 

66-67 

u 

655 

210-220 

4 

77.05 

13.33 

357 

72' 

« 

556 

220-230 

2.5 

77.42 

13.47 

374 

72 

« 

573 

76.67 

13.29 

315 

76 
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E.  Bromine  Addition  Products  of  the  More  Highly  Unsaturated 

Acids. 

50  gm.  of  No.  217  were  brominated  by  the  method  described 
in  a  previous  paper.6  The  precipitated  bromide,  after  repeated 
extraction  with  ether,  weighed  15  gm.,  and  gave  the  following 
analysis: 

No.  521.    0.1062  gm.  substance:  0.0348  gm.  HsO  and  0.0984  gm.  COs. 

0.2000    "  "         :  (Carius)  0.3158  gm.  AgBr. 

CjoHM0,Brt.    Calculated.  C  25.43,  H  3.42. 

Found  (No.  521).     "  25.26,  "  3.66. 

This  material,  after  recrystallization  from  a  very  large  volume 
of  toluene  was  a  white  amorphous  powder,  which  darkened  slightly 
when  heated  above  225°C.  and  sintered  at  250°C.  Further  heat- 
ing charred  without  melting  it. 

Repeated  attempts  were  made  to  isolate  linolic  tetrabromide 
from  the  bromination  mother  liquor,  in  this,  and  several  similar 
experiments.    All  of  these  efforts  were,  however,  unsuccessful. 

A  large  amount  of  dark,  semiliquid  material  was  recovered 
after  evaporation  of  the  glacial  acetic  acid.  From  it,  on  addition 
of  gasoline,  a  small  amount  of  granular  substance  was  deposited, 
consisting  of  impure  octabromide,  as  indicated  by  its  analysis. 

0.1036  gm.  substance:  0.0354  gm.  H,0  and  0.1056  gm.  CO,. 
0.2022    "  "         :  (Carius)  0.3046  gm.  AgBr. 

Found  (No.  507).    C  27.79,  H  3.82,  Br  64.11. 

The  mother  liquor  was  concentrated  to  dryness  in  vacuo, And 
the  residue  dissolved  in  absolute  methyl  alcohol.  Powdered  zinc 
was  added,  the  solution  heated,  and  hydrogen  chloride  passed 
through  until  a  vigorous  reaction  was  established.  After  3  hours, 
the  reaction  liquor  was  diluted  with  water,  and  the  precipitated 
oil  extracted  with  ether.  The  residue,  after  evaporation  of  the 
solvent  was  dissolved  in  acetic  acid,  and  again  brominated.  In 
this  way,  an  additional  5  gm.  of  octabromide  were  separated,  but 
no  tetrabromide  could  be  isolated.  This  bromide  analyzed  as 
follows: 

0.1042  gm.  substance:  0.0390  gm.  H,0  and  0.0962  gm.  CO*. 
0.2030    "  "         :  (Carius)  0.3216  gm.  AgBr. 

Found  (No.  541).    C  25.17,  H  4.18,  Br  67.42. 


UNSATURATED  FATTY  ACIDS  OF  BRAIN  LECITHINS. 

By  P.  A.  LEVENE  and  IDA  P.  ROLF. 
(Prom  the  Laboratories  of  The  Rockefeller  Institute  for  Medical  Research.) 

(Received  for  publication,  July  10,  1922.) 

In  previous  publications  from  this  laboratory  it  was  shown  that 
the  mixed  lecithins  from  the  liver1  and  from  the  egg  yolk,2  yielded 
od  hydrolysis,  in  addition  to  oleic  acid,  acids  with  more  than  one* 
double  bond.  From  the  egg  lecithin,  linolic  and  arachidonic  acids 
were  isolated;  whereas  from  liver  lecithins,  arachidonic  acid  only 
was  obtained.  The  fact  that  linolic  acid  has  not  as  yet  been  isolated 
from  the  liver  lecithins  does  not  prove  its  absence,  since  neither 
the  isolation  of  oleic  nor  that  of  arachidonic  acid  is  quantitative. 

The  present  note  records  the  results  of  the  analysis  of  brain 
lecithins  as  regards  the  character  of  their  unsaturated  fatty  acids. 
It  was  found  that  the  brain  lecithins  also  contain  besides  oleic 
acid,  acids  with  more  than  one  double  bond.  Of  these  arachidonic 
acid  was  isolated  in  the  form  of  its  octobromo  derivative. 

For  the  present  linolic  acid  could  not  be  isolated.  However, 
the  question  of  its  presence  or  absence  in  brain  lecithins  is  not 
definitely  answered. 

EXPERIMENTAL. 

Lecithin  cadmium  chloride  was  prepared  free  from  amino-* 
containing  impurities  by  the  method  previously  described.8    All 
samples  of  amino-free  cadmium  salts  of  brain  lecithin  had  an 
iodine  value  not  greater  than  45.    The  following  analyses  are 
typical. 

No.  401  0.2757  gm.  substance  absorbed  0.1238  gm.  iodine,  corresponding 
to  an  iodine  number  of  44. 

'Uvene,  P.  A.,  and  Simms,  H.  S.,  /.  Biol.  Chem.,  1922,  li,  285. 
1  tevene,  P.  A.,  and  Rolf,  I.  P.,  /.  Biol  Chem.,  1922,  li,  507. 
'Uvene,  P.  A.,  and  Rolf,  I.  P.,  /.  Biol.  Chem.,  1921,  xlvi,  353. 

99 


100  Fatty  Acids  of  Brain  Lecithins 

No.  401.  0.2582  gm.  substance  absorbed  0.1071  gm.  iodine,  corresponding 
to  an  iodine  number  of  41. 

These  salts  were  hydrolyzed  in  the  usual  manner,  and  the  iodine 
numbers  of  the  whole  mixed  fatty  acids  determined. 

0.2663  gm.  substance  absorbed  0.1261  gm.  iodine,  corresponding  to  an 
iodine  number  of  47. 

The  fractionation  of  these  acids,  dependent  on  the  varying 
solubilities  of  the  barium  and  lead  salts,  was  carried  out  by  the 
method  described  in  the  preceding  paper. 

The  acid  of  lower  unsaturation  melted  at  14°C.  and  had  an  iodine 
number  of  87. 

0.2616  gm.  substance  absorbed  0.2259  gm.  iodine. 
The  iodine  number  of  oleic  acid  is  90. 

The  more  highly  unsaturated  fraction  of  these  acids  was 
brominated  in  the  usual  manner,  and  the  precipitated  bromide 
purified  by  extraction  with  ether.  A  grey  powder  weighing  1.5 
gm.  was  obtained.  When  heated  to  250°C,  after  very  gradual 
darkening,  it  sintered  without  melting  and  analyzed  as  follows: 

0.1020  gm.  substance:  0.0302  gm.  H,0  and  0.0932  gm.  COt. 
0.2020   "  "         :  (Carius)     0.3190  gm.  AgBr. 

C,0HMO,Bra.    Calculated.    C  25.43,  H  3.42,  Br  67.72. 

Found.  "  24.91,  "  3.31,   "  67.22. 

No  linolic  tetrabromide  could  be  isolated  from  the  mother  liquor. 


ON  A  POSSIBLE   ASYMMETRY   OF  ALIPHATIC   DIAZO 

COMPOUNDS.    HI. 

By  P.  A.  LEVENE  and  L.  A.  MIKESKA. 
(From  the  Laboratories  of  The  Rockefeller  Institute  for  Medical  Research.) 

(Received  for  publication,  July  10,  1922.) 

In  previous  publications,1,2  several  observations  were  reported 
which  seemed  to  point  towards  the  existence  of  an  optically  active 
diazodiethyl  succinate.    The  present  note  contains  an  additional 
proof  in  the  same  direction.    Curtiuss  has  shown  that  acting  with 
diazoethyl  acetate  on  benzoic  acid,  benzoylethyl  glycolate  is 
formed.    It  was  expected  that  under  similar  conditions  diazodiethyl 
succinate  will  form  benzoyldiethyl  malate.    It  was  also  expected 
that  this  substance  could  be  prepared  free  from  malic  or  fumaric 
esters  which  may  form  as  by-products,  since  the  former  possesses 
a  much  higher  boiling  point.    These  expectations  were  realized. 
Acting  with  diazodiethyl  succinate  on  benzoic  acid,  pure  benzoyl- 
diethyl  malate  was  obtained  with  an  optical  activity 

[«K  -  +  0.22° 

Under  similar  conditions  diethyl  malate  acting  on  benzoic  acid 
did  not  give  even  a  trace  of  benzoyldiethyl  malate. 

Conversion  of  Diazodiethyl  Succinate  into  Benzoyldiethyl  Malate. — 
Crude  diazodiethyl  succinate  (45  gm.)  containing  9.23  per  cent 
diazo  nitrogen,  was  added  in  small  portions  to  30  gm.  of  melted 
benzoic  acid.  The  temperature  of  the  reaction  mixture  was 
maintained  at  140°C,  until  the  reaction  was  complete,  which 
required  about  8  minutes.  It  was  then  cooled,  dissolved  in  ether, 
and  washed  three  times  with  sodium  carbonate  solution  and  finally 
with  distilled  water.  After  drying  the  ethereal  solution  with 
anhydrous  sodium  sulfate,'  the  ether  was  removed  under  dimin- 

1  Levene,  P.  A.,  and  Mikeska,  L.  A.,  /.  Biol.  Chem.,  1920-21,  xlv,  593. 

*  Levene,  P.  A.,  and  Mikeska,  L.  A.,  /.  Biol.  Chem.,  1922,  lii,  485. 

*  Curtius,  T.,  /.  prakt.  Chem.,  1888,  xxxviii,  427. 
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ished  pressure  and  the  residue  extracted  with  petroleum  ether  to 
insure  the  removal  of  traces  of  benzoic  acid.  The  residue  was  then 
fractionated  under  a  pressure  of  about  135  mm.  The  first  fraction 
boiled  between  66  and  70°.  The  temperature  then  rose  rapidly 
and  the  second  fraction  was  collected  between  130  and  149°C. 
The  third  fraction  distilled  between  150  and  160°C.  The  third 
fraction  was  redistilled  under  a  pressure  of  3  mm.,  and  separated 
into  two  fractions,  the  first  boiling  at  146-147°C.  and  the  second 
which  was  identified  by  analysis  as  benzoyl  malate,  boiled  at  147- 
148°C. 

0.1024  gm.  substance :  0.0624  gm.  HsO  and  0.2300  gm.  CO,. 
CuHiaOi.    Calculated.    C  61.23,  H  6.16. 
Found.  "  61.25,  "  6.81. 

The  substance  had  the  following  rotation: 

r  ...     +  0.22° x  100      ,noo0 

M»~     ixioo     "+0-22 

The  optical  rotation  of  the  original  diazo  compound  was: 

r  ,»     + 1.14°  X  100      ,  -  -  .0 
W»"      ixioo     -+1'14 

In  another  experiment  30  gm.  of  diazodiethyl  succinate  were 
treated  with  benzoic  acid  as  in  the  preceding  experiment.  A 
fraction,  boiling  at  143°C.  under  0.2  mm.  pressure,  was  obtained. 
It  had  an  optical  rotation  of 

u»      +0.12°X100^  o 

Wd fxloo        +  °-12 

The  percentage  of  carbon  and  hydrogen  found,  agreed  well  with 
the  theoretical  values. 

0.1014  gm.  substance:  0.0604  gm.  H,0  and  0.0227  gm.  COj. 
Ci»Hi6Oe.     Calculated.     C  61.23,  H  6.16. 
Found.  "  61.27,  "  6.61. 

The  original  diazo  compound  had  an  optical  rotation  of 

r  lM      +  0.75°  X  100        ,  n  7-0 

[a]° Txloo +0J5 
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Action  of  Benzoic  Acid  on  Diethyl  Malate. — Malic  ester  (10  gm.) 
was  gradually  added  to  10  gm.  of  melted  benzoic  acid  exactly  as 
in  the  preceding  experiment.  The  temperature  was  maintained 
at  140-145°C.  for  10  minutes.  The  excess  of  benzoic  acid  was 
removed  by  washing  the  ethereal  extract  with  a  solution  of  sodium 
carbonate.  The  extract  was  then  dried,  the  ether  removed,  and 
the  residue  distilled.  The  entire  amount  distilled  at  78-80°C. 
leaving  only  a  trace  of  residue.  In  this  case  only  about  1  gm.  of 
substance  was  obtained  whereas  under  similar  conditions  45  gm. 
of  diazodiethyl  malate  yield  42  gm.of  combined  distillates. 

0.1012  gm.  substance:  0.0716  gm.  H,0  and  0.1824  gm.  C02. 

CoHl4Oi.    Calculated.    C  50.52,  H  7.36. 
Found.  "  49.15,  "  7.91. 


THE   METABOLISM    OF  INORGANIC   SALTS. 

I.  THE  ORGANIC  ION  BALANCE  OF  THE  BLOOD  IN  PARA- 
THYROID TETANY.* 

By  ERWIN  G.  GROSS  and  FRANK  P.  UNDERHILL. 

{Prom  the  Department  of  Pharmacology  and  Toxicology,  Yale  University, 

New  Haven.) 

(Received  for  publication,  July  18,  1922.) 

It  is  almost  universally  accepted  that  tetany  and  the  metabolism 
of  calcium  are  closely  related.  MacCallum  and  Voegtlin  (1)  in 
1909  showed  conclusively  that  in  tetany  in  dogs,  following  the 
removal  of  the  parathyroid  glands  there  was  not  only  an  increased 
calcium  excretion,  but  a  marked  decrease  in  blood  calcium.  The 
view  that  the  parathyroid  glands  are  intimately  associated  with 
the  metabolism  of  calcium  has  gained  many  adherents,  but  the 
mechanism  of  this  controlling  function  as  yet  is  unknown. 

Loeb  (2),  Ringer  (3),  and  others  have  shown  that  the  ratio  of 
the  inorganic  ions  of  the  blood  is  of  far  more  importance  than  the 
absolute  amount  of  each,  in  the  maintenance  of  normal  equilib- 
rium of  function,  especially  of  the  heart  beat.  If  this  is  true,  it 
becomes  of  interest  to  see  whether  the  change  of  one  of  the  ele^- 
ments  of  the  blood  will  cause  a  compensatory  shift  in  any  of  the 
other  ions. 

As  far  as  can  be  found  in  the  literature,  the  only  study  of  this 
kind  has  been  made  by  Greenwald,  published  in  an  article  by 
Hastings  and  Murray  (4).  However,  the  results  presented  in 
that  paper  are  incomplete.  Such  studies  have  only  been  made 
practicable  in  the  last  year  or  2  by  the  perfection  of  methods 
which  make  it  possible  to  determine  the  blood  salts  in  a  relatively 
small  quantity  of  blood. 

*  A  portion  of  the  expense  of  this  investigation  was  defrayed  by  a  grant 
from  the  American  Medical  Association. 
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Recently  Kramer,  Tisdally  and  Howland  (5)  have  studied  the 
inorganic  salts  in  infantile  tetany.  Whether  infantile  tetany 
bears  any  relation  to  altered  functions  of  the  parathyroids  does 
not  receive  very  great  support.  Therefore,  one  is  not  justified 
in  assuming  that  there  are  necessarily  similar  changes  in 
salts  in  these  two  types  of  tetany,  although  both  seem  to  be  in- 
timately associated  with  low  blood  calcium. 

Perhaps  the  study  of  calcium  in  relation  to  tetany  has  been  the 
most  intensively  studied,  due  to  the  observation  of  Sabbatani  (6) 
in  1904,  that  calcium  salts  are  related  to  the  diminished  irritability 
to  electrical  stimulation,  while  substances  which  reduce  calcium 
caused  increased  irritability.  The  correlation  of  low  calcium  to 
increased  irritability  in  tetany  has  given  scientific  foundation 
for  the  relational  administration  of  calcium  in  the  relief  of 
spasmophilia.  Quest  (7)  has  found  a  reduced  calcium  content 
of  the  brain  tissue  of  patients  who  had  died  from  tetany.  Neu- 
rath  (8),  Longo  (9),  and  Cattaneo  (10)  have  made  studies  in 
tetany  and  found  a  lowered  calcium  content,  but  the  figures 
cited  are  so  different  from  those  of  more  recent  investigators  that 
one  queries  how  much  value  can  be  placed  upon  them. 

MacCallum  and  Voegtlin  (1)  and  MacCallum  and  Vogei  (11) 
in  studies  upon  parathyroid  tetany  in  dogs  found  not  only  an 
increased  calcium  excretion,  but  a  marked  fall  in  blood  calcium. 
These  authors  further  showed  that  the  administration  of  calcium 
lactate  temporarily  relieved  the  tetany.  Cooke  (12)  in  1910  was 
unable  to  find  any  marked  increase  in  calcium  excretion  in  tetany 
or  a  lowered  calcium  content  of  the  brain  in  parathyroid  tetany, 
and  concludes  that  the  parathyroids  are  not  functionally  related 
to  calcium  metabolism.  Recently,  however,  Hastings  and 
Murray  (4)  have  obtained  results  very  similar  to  those  of  Mac- 
Callum and  Voegtlin  (1)  in  the  blood  calcium. 

Howland  and  Marriott  (13)  in  1917  showed  that  in  infantile 
tetany  the  calcium  of  the  serum  decreased  very  materially  while 
the  phosphates  and  magnesium  remained  singularly  constant. 
These  observations  have  recently  been  reaffirmed  in  the  same  lab- 
oratory by  Kramer,  Tisdall,  and  Howland  (5).  The  latter  authors 
further  found  that  sodium  remains  quite  constant,  but  that 
potassium  tends  to  increase  as  the  calcium  decreases.  However, 
the  change  in  potassium  was  not  very  marked,  and  they  conclude 
that  low  calcium  is  responsible  for  infantile  tetany. 
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Binger  (14)  in  1917  found  that  the  injection  of  the  alkal 
phosphates  caused  tetany  and  also  reduced  the  calcium     .«  , 
advances  the  hypothesis  that  phosphates  are  responsiWr  *  ,    -  ,. 
tetany.     Greenwald  (15),  however,  does  not  agree  with       i    f       o 
has  shown  that  phosphates  alone  have  no  toxicity.    He 
that  the  effect  of  the  phosphates  is  due  to  a  disturbaik  *         f t  r 
balance  of  the  other  elements.  ,      ;.    .,       - 

To  determine  whether  or  not  there  is  a  disturba^        .    these 
balance  of  the  elements  in  parathyroid  tetany,  it  is  nece^     ,       • 
make  a  complete  study  of  the  inorganic  elements  of  the'biO       . 
With  this  view  in  mind  we  have  attempted  to  follow  the  inorga. 
constituents  through  the  various  stages  in  parathyroid  tetany, 
without  special  reference  to  the  cause  of  tetany. 

EXPERIMENTAL. 

Dogs  have  been  used  as  experimental  animals.  Normal  values 
in  the  blood  have  been  determined  after  a  48  hour  fasting  period 
except  in  one  case,  see  Table  V.  The  operations  for  removal  of 
the  entire  thyroid — parathyroid  structures  were  carried  out  under 
aseptic  conditions  and  the  animals  fasted  throughout  the  period 
erf  the  experiment.  Blood  was  obtained  from  the  external  jugular 
vein  by  aspiration.  The  chlorides  were  determined  according  to 
the  Whitehorn  (16)  method,  total  phosphorus  according  to  Bloor 
(17),  and  the  calcium,  potassium,  sodium,  and  magnesium  by  the 
procedure  of  Kramer  and  Tisdall  (18)  for  whole  blood.  Slight 
modifications  were  made  in  the  method  of  potassium,  as  the 
potassium  of  dog  blood  is  very' much  lower  than  in  human  blood, 
1  cc.  of  the  final  acid  filtrate  was  used  instead  of  0.2  cc.  as  called 
for  in  the  original  method.  The  proportions  of  the  other  reagents 
were  not  altered.  Blank  controls  were  determined  upon  all 
reagents  and  found  to  be  sufficiently  pure  without  necessitating 
any  correction  factors.  Duplicate  analyses  were  made  in  all 
cases.  As  the  method  of  Kramer  and  Tisdall  necessitates  the 
weighing  of  the  blood  rather  than  the  measuring,  all  the  analyses 
are  reported  on  a  weight  basis,  and  values  are  expressed  per  100 
gm.  of  whole  blood  rather  than  per  100  cc.  as  is  the  usual  custom. 
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morfc. 


The  Inorganic  Ratios  of  the  Normal  Fasting  Dpg. 


bears  &*gtudy  of  the  ratio  of  the  various  ions  it  is  necessai 
not  rec*>  the  various  ranges  of  the  elements  under  normal  fa 
in  assigns  and  also  after  the  operation  to  determine  the  effe 
salts  in  %.L.hesia  used  in  the  operation.  Analyses  which  ten 
timately  ;  widest  ranges  of  the  various  elements  as  detern 
Perhaps  selected  and  are  presented  in  Table  I.  All  ana 
most  in&de  after  48  hours  fasting,  values  expressed  as  mg 
in  Jfgm.  of  blood. 

to  From  the  above  analyses  it  will  be  seen  that  the  inori 
elements  under  similar  conditions  are  quite  constant,  the  gre 
variation  occurring  in  the  case  of  potassium.    These  values  i 

TABLE  I. 

The  Inorganic  Ions  of  the  Blood  during  Fasting. 


Dog  1.9. 

Dog  2,  9. 

Dog3,d*. 

Dog  4. 

Dog  5. 

Dog  6. 

£ 

CI, 

318.0 

35.0 

5.5 

31.0 

312.0 

5.8 

296.0 

35.8 

5.3 

29.0 

305.0 

5.2 

302.0 

39.2 

5.7 

25.3 

301.0 

4.9 

330.0 

37.1 

5.9 

26.8 

310.0 

4.9 

318.0 

34.8 

5.6 

31.0 

315.0 

5.9 

310.0 

38.9 

5.7 

29.6 

313.3 

5.6 

31 

Total  P 

Ca 

4 

K 

2 

Na 

31 

Mg 

fairly  closely  with  those  cited  by  Abderhalden  (19),  except  i 
case  of  magnesium,  on  which  Abderhalden  found  much  ] 
results  while  the  correctness  of  the  magnesium  determina 
were  not  checked  against  a  known  amount  of  magnesium,  se 
analyses  were  made  upon  human  blood  with  the  same  reaj 
and  the  values  found  agree  very  closely  with  those  cite< 
Kramer  and  Tisdall. 
Loeb  (20)  in  1915  found  that  to  preserve  normal  irritabili 

nerves  the  ratio  of  ,_  .  ,  ,_,  .  .must  be  maintained  fairly 

(Ca)+(Mg)  * 

stant.    In  calculating  the  ratios  of  the  monovalent  ions  to 

lent  ions  of  the  seven  analyses  cited  this  ratio  does  appro! 

fairly  constant  figure,  ranging  between  29.2  to  33.3. 
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Influence  of  Fasting  and  Ether  Anesthesia  upon  the 

Organic  Ratios. 

In  Table  II  the  effect  of  starvation  and  of  anesthesia  will  be 
seen.  This  dog  did  not  develop  tetany  after  the  removal  of  the 
parathyroids,  and  remained  alive,  apparently  normal  for  2 
months,  at  which  time  the  animal  was  utilized  for  other  experi- 
mental purposes.  The  various  elements  before  and  3  days  after 
the  operation  were  practically  unchanged  within  the  limits  of 
experimental  error.  With  the  observed  constancy  of  these 
various  ions,  not  only  in  the  same  individual,  but  also  in 
different  individuals,  any  change  of  note  in  one  of  the  elements 
will  readily  effect  the  ratio. 

TABLE  II. 

Influence  of  Fasting  and  Anesthesia  upon  the  Inorganic  Ions  of  the  Blood. 
Dog  8;  male;  weight  22.3  kilos;  analyses  after  48  hours  fasting. 


Date. 

Chlorides. 

Total 
phosphorus. 

Calcium. 

Potassium. 

Sodium. 

Magnesium. 

mi 

Dec.  16 

"    17 

"    20 

302 
300 

38.8 

Ai 
40.0 

5.9 

aesthesia 

5.8 

30.0 
and  opera 
31.2 

306 
tion. 
|      310 

5.7 
5.9 

Considerable  difficulty  has  been  experienced  in  obtaining  tetany 
following  the  removal  of  the  parathyroids.  Over  one-half  of  the 
animals  studied  failed  to  develop  any  symptoms.  In  our  exten- 
sive experience  with  this  type  of  investigation  such  a  result  is 
unusual  and  difficult  of  explanation.  Both  thyroid  and  para- 
thyroid glands  were  apparently  removed  in  all  instances,  and  it 
must  be  concluded  that  these  refractory  animals  had  accessory 
parathyroids,  which  were  not  imbedded  in  the  thyroid  tissue, 
and  thus  failed  to  be  removed  in  the  operation. 

The  Influence  of  Removal  of  the  Thyroids  and  Parathyroids  upon 

the  Inorganic  Ratios  of  the  Blood. 

Dog  9  was  operated  upon  December  8th  and  on  the  2nd  day 
developed  symptoms  of  mild  tetany  (Table  III). 

The  most  striking  changes  in  the  elements  here  are  the  decrease 
in  calcium,  and  the  increase  in  potassium  and  phosphorus.    The 
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TABLE  in. 
The  Influence  of  Removal  of  the  Thyroids  and  Parathyroids  upon  the  Inorganic 

Ion  Balance  of  the  Blood. 

Dog  9;  male;  weight  10.8  kilos. 


Date. 


Wit 

Dec.  6 


u 


it 


8 


9 


M 


10 


« 


11 


« 


12 


Per  100  gm.  of  blood. 


8 

1 

3 
O 


306 


302 


295.2 


270.0 


270.0 


to, 


mo. 

36.8 


60.2 


47.8 


47.0 


54.4 


a 

3 


5.9 


4.8 


3.3 


2.8 


1.9 


B 

3 


O 
PL, 


22.4 


23.2 


33.1 


33.2 


37.2 


a 

OQ 


|*H7. 

307.6 


287.5 


324.0 


291.2 


320.0 


a 

a 


5.6 


5.7 


5.5 


5.2 


5.4 


Remarks. 


Normal;  taken  48  hrs.  after  last 
meal. 

Complete  removal  of  thyroid 
and  parathyroid  structures. 

Dog  showed  tremors,  increased 
temperature  at  10.30  a.m. 
Blood  sample  taken  at  11.  SO 
a.m.  Tremors  stopped  at 
12.15  p.m.  10.30  p.m.  dog 
apparently  normal. 

11.30  a.m.  drank  water  very 
copiously.  Increased  respir- 
ation, tetany.  Blood  sample 
taken  at  12.00  m.  Shortly 
after  bleeding,  respiration 
returned  to  normal. 

Severe  tetany  9  a.m.  Blood 
sample  taken  10  a.m.  followed 
by  injection  of  20  cc.  of  5  per 
cent  calcium  lactate;  10.30 
a.m.  dog  recovered.  9.30 
p.m.  severe  tetany.  Given 
20  cc.  of  calcium  lactate. 
12.00  m.,  no  relief,  Cheyne- 
Stokes'  breathing. 

9.30  a.m.  dog  still  in  tetany; 
given  20  cc.  of  5  per  cent  cal- 
cium lactate;  10.30  a.m. 
tetany  practically  disap- 
peared; 11.30  a.m.  slight 
tetany,  labored  breathing. 
Blood  sample  at  6  p.m. 
Condition  about  same.  10 
p.m.  dog  dead,  no  convul- 
sions, no  frothing  at  mouth. 
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chlorides  fell  slightly,  but  the  sodium  and  magnesium  remained 

(P) 

practically  constant.    The  ratio  of  77—  changes  from  6.2  to  28.4 

(Ca) 

(K) 
and  the   ratio   of   77—   from   3.8  to    19.     The   ratio  of  the 

(Ca) 

. ., ,  ,  "  ,  .  x  changes  from  29.0  to  48.5.    These  ratios  are  given 
(Ca)  +  (Mg) 

for  the  normal  and  the  final  analysis  attained  preceding  death, 

as  this  gives  the  greatest  change  in  the  constituents. 

While  the  first  injection  of  calcium  lactate  was  not  apparently 
effective,  the  second  injection  the  following  day  quite  promptly 
relieved  the  symptoms.  The  effect  of  calcium  is  of  very  tempo- 
rary nature  and  the  extra  calcium  injected  soon  leaves  the  blood 
stream  as  shown  by  the  analysis  made  8J  hours  after  the  exhibition. 

Dog  10  developed  tetany  on  the  3rd  day  after  the  operation 
(Table  IV). 

In  this  animal  at  the  onset  of  tetany  the  blood  calcium  was 

reduced  over  50  per  cent  while  the  other  elements  were  little  if 

any  effected.     The  phosphorus  was  unchanged  within  experi- 

(K) 
mental  limits  throughout  the  entire  period.     The  ratio  of  -r^-r 

(Ca) 

changes  from  4.5  to  22.2,  and  the  ratio  of  .^  .    ,    ,.„  .  from  32.8 

(Ca)  +  (Mg) 

to  40.2.  These  ratios  approach  the  ratios  obtained  in  the  pre- 
ceding animal.  It  is  impossible  to  draw  any.  deductions  from 
the  ratios  obtained  just  at  the  beginning  of  tetany,  as  usually 
the  dogs  had  developed  tetany  during  the  night.  However,  com- 
paring Dogs  9  and  10  when  the  first  convulsive  tetany  appeared  the 

(K) 
ratios  of  77—  are  quite  close  ranging  from  10  in  Dog  5  to  10.2  in 
(Ca) 

r*    ,,v     ™,        ..      1.  ,    monovalent  ions .     _  _    __ 

Uog  10.     The  ratio  of  the  — - — : is  also  remarkably  close 

divalent  ions 

being  40.1  in  Dog  9  and  40.2  in  Dog  10. 

That  the  injection  of  soluble  calcium  salts  relieves  the  symp- 
toms of  tetany  by  increasing  the  blood  calcium  is  apparent  from 
the  analysis.  This  analysis  made  4  hours  and  15  minutes  after  the 
injection  of  Ca  lactate  still  showed  a  marked  increase  in  calcium. 
The  relief  of  tetany  lasted  over  a  considerably  longer  period  than 
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TABLE  IV. 
The  Influence  of  Removal  of  the  Thyroids  and  Parathyroids  upon  the  Inorganic 

Ion  Balance  of  the  Blood. 

Dog  10;  male;  weight  13.7  kilos. 


Per  100  gm.  of  whole  blood. 

Date. 

S 

* 

• 

• 

| 

• 

Remarks. 

•8 

•c 

A3 

wm   O 

a 

3 

• 

a 

3 

1 

3 

l-a 

•3 
"3 

1 

* 

• 

o 

mo. 

mo. 

mo. 

mo. 

m<7. 

I9tt 

Jan.    3 

290 

40.5 

5.2 

23.5 

313 

5.04 

Normal  blood  sample  taken 
2  days  after  last  meal. 

"      7 

10.30  a.m.  complete  removal 
of  thyroid  tissue  (4  para- 
thyroids found). 

"      8 
"      9 
"     10 

Dog  normal. 

275 

39.6 

2.8 

28.8 

281 

4.9 

8. SO  a.m.  severe  convulsions, 

frothing  at  mouth,  blood 

sample   taken.    Improved 

9.45  a.m. 

"     10 

268 

37.7 

2.2 

31.1 

272 

5.8 

9.00  p.m.  distinct  tetanic 
twitching  of  legs. 

"     11 

255 

37.9 

1.7 

28.5 

237 

5.1 

8.30  a.m.  dog  quiet.    1.00 

4.45  p.m. 

■ 

• 

p.m.  beginning  tetany. 
4.46  p.m.  marked  tetany, 
blood  sample  drawn.  5.45 
p.m.  severe  convulsions. 
6:28  p.m.  given  20  cc.  cal- 
cium lactate  subcutane- 
ously. 

Jan. 11 

263 

38.5 

3.3 

29.5 

240 

5.7 

9. 00  p.m.  dog  resting  quietly 

• 

(blood  sample  drawn). 

"     12 

Dog  resting  quietly,  8.00 
a.m.  2 . 00  p.m.  mild  tetany. 

"     13 

252 

40.0 

1.8 

35.0 

252 

5.06 

8.00  a.m.  slight  twitching. 
2.00  p.m.  mild  tetany,  no 
increased  respiration, 
blood  analyses.  8.30  p.m. 
very  increased  tetany, 
given  20  cc.  of  calcium 
lactate. 

"     14 

Except  for  slight  twitchings 
resting  well.  Blood  count 
7,256,000. 
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TABLE  TV— Concluded. 

Per  100  gm.  of  whole  blood. 

Date. 

8 

•c 

o 

a 
o 

mg. 

o  ft 
H 

mg. 

• 

•3 

3 

ntg. 

• 

a 

o 
mg. 

|     Sodium. 

• 

|     Magnesium. 

• 

Remarks. 

I9tt 

Jan.  15 

250 

41.8 

1.3 

27.3 

229 

5.1 

70.00  a.m.  about  same  condi- 
tion, blood  sample  drawn. 

"     16-19 

Jan.  16,  17,  18,  19  dog  very 
weak  with  constant 
twitching,  given  food  Jan. 
19,  ate  all  food. 

"     20 

264.5 

40.2 

1.4 

31.0 

231 

5.1 

Twitching  markedly  de- 
creased ;  blood  sample 
taken.  Dog  taken  to 
basement,  refused  food; 
died  Jan.  25  without  any 
convulsions. 

in  the  preceding  case.    While  apparently  the  calcium  is  the  only 

element  effected  the  ratio  of  — — — ■ — ,_,  x  at  this  analysis  is  30, 

(Ca)  +  (Mg) 

being  approximately  the  normal  ratio,  while  at  the  succeeding 

attack  of  tetany  the  ratio  becomes  42,  which  is  very  close  to  the 

ratio  of  these  ions  at  the  first  attack  of  tetany. 

Dog  11  developed  tetany  the  3rd  day  following  the  operation 
(Table  V). 

This  dog  also  showed  a  low  calcium.    The  potassium  in  this 

dog  did  not  rise  beyond  the  range  of  experimental  error.    The 

normal  potassium  was  very  high,  and  perhaps  this  high  value 

can  be  accounted  for  by  the  fact  that  the  normal  analysis  was 

made  directly  after  a  meal.    The  dog  never  developed  typical 

tetany,  but  showed  a  condition  marked  by  stiffening  of  legs  and 

violent  breathing,  finally  dying  of  respiratory  failure.    The  nor- 

(K) 
mal  ratio  of  77—  was  5.8  changing  to  9.5  at  first  attack  and  the 


(Na)  +  (K) 


(Ca) 

final  ratio  being  16.4.    The  ratio  of  ,„  v        ,,  -  . 

(Ca)  +  (Mg) 

30  in  the  normal  to  35.3  at  first  attack  and  finally  reaching  the 


changed  from 
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TABLE  V. 


The  Influence  of  Removal  of  the  Thyroids  and  Parathyroid*  upon  the  Inorganic 

ion  Balance  of  the  Blood. 


Dog  11;  male; 

weight  19  kilos. 

Per  100  gm.  of  whole  blood. 

Date. 

* 
■2* 

• 

• 

S 

• 

6 

Remarks. 

ft2 

S 

9 

mm* 

E 

1 

•c 

© 

o 

mg. 

h 

mg. 

|     Calcii 

! 

o 
mg. 

3 

I 

mg. 

im 

mg. 

Jan. 17 

296 

38.0 

5.9 

34.2 

313 

5.7 

Normal  blood  sample 
drawn  30  min.  after  last 
meal. 

"     21 

Complete  removal  of  thy- 
roid and  parathyroid 
structures. 

"     22 

Dog  normal. 

"     23 

10.30  a.m. 

296 

36.0 

3  8 

35.7 

303 

5.8 

9  a.m.  apparently  well,  9.30 

10.00  p.m. 

305 

37.7 

3.4 

35.0 

297 

• 

5.8 

a.m.  drank  water  copi- 
ously, 10  a.m.  tetany  in 
hind  legs.  10.50  a.m. 
blood  sample  taken. 
11.00  a.m.  dog  improved, 
but  slight  twitching.  12 
m.  no  twitching  but  dog 
restless.  10  p.m.  no 
tetany,  blood  sample 
taken. 

Jan.  24 

306 

37.6 

2.5 

37.9 

Lost. 

5.2 

9  a.m.  same  condition,  $.30 
p.m.  after  drinking  copi- 
ously dog  stiffened  in 
cage  and  apparently  had 
respiratory  failure,  arti- 
ficially respirated  and 
blood  sample  taken.  Nor- 
mal breathing  returned 
after  blood  drawing. 

"     25 

297 

42.0 

2.2 

36.3 

313 

5.5 

Dog  very  restless,  difficult 
breathing,  slight  twitch- 
ing of  legs.  Blood  drawn 
at  11  a.m.  Dog  died  at 
12.45  p.m.  of  respiratory 
failure,    no    convulsions. 
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,  m*  *      m  .       *    ,      monovalent  . 

value  of  45.4.    The  ratio  of  the  — - — : ions  at  the  first 

divalent 

attack  is  considerably  lower  than  in  the  other  two  dogs,  but  this 

may  possibly  be  explained  by  the  fact  that  the  animal  did  not 

develop  true  convulsive  tetany,  as  experienced  in  all  the  other 

animals. 

Dog  12  developed  tetany  the  3rd  day  following  the  operation, 

showing  a  very  active  tetany  in  a  short  time  (Table  VI).     In 

this  case  as  in  Dogs  9  and  10  the  calcium  dropped  markedly  and 

(K) 
the  potassium  increased.    The  ratio  of  ,_,  x  in  the  normal  was 

(Ca) 

5.2  changing  to  13.2  at  the  height  and  finally  reaching  the  ratio 

of  17.    The  ratio  of  — — — - — ,„  .  ranged  from  32.5  in  normal  to 

(Ca)  +  (Mg) 

43.9  at  height  and  finally  attaining  the  ratio  of  51.    The  ratios  of 

(K)  (Na)  +  (K)     .,.,....  , .  ,      ..  , 

7n~\  a      (r  \  a-CM  \       height  of  tetany  are  higher  than  any  of 

the  preceding  cases.    This  dog  may  possibly  have  had  a  previous 

attack  during  the  night  and  recovered,  which  might  also  account 

for  the  sudden  attack  in  the  morning.     No  marked  changes 

occurred  in  any  of  the  other  elements. 

(K) 
Dog  13,  again  developed  tetany  in  3  days  and  the  ratio  of  --^-t 

(Ca) 

varied  from  5.12  in  normal  to  15.8  at  height  and  the  final  ratio 

was  52.8.    The  ratio  of  — — — - — — —  was  33.2  in  normal  to 

(Ca)   +   (Mg) 

49.8  at  height,  the  final  ratio  being  52.8.  All  the  ratios  in  this 
animal  are  again  higher  than  those  in  the  first  three  animals  at 
the  first  severe  tetany.  This  dog  was  in  tetany  in  the  morning 
when  first  observed,  and  may  have  had  other  attacks.  This 
suggestion  is  strengthened  by  the  fact  that  the  drawing  of  blood 
did  not  benefit  the  condition,  which  is  contrary  to  our  observa- 
tions with  the  most  of  the  other  animals.  Bleeding  at  the  be- 
ginning of  tetany  nearly  always  temporarily  relieves  the  symp- 
toms. Whether  the  ratios  would  have  changed  further  is  not 
known  as  the  animal  was  bled  to  death  after  the  last  analysis. 

As  in  the  case  of  Dog  9,  this  animal  showed  a  marked  increase 
in  the  total  phosphorus.    Why  such  increases  should  be  obtained 


TABLE  VI. 

The  Influence  of  Removal  of  the  Thyroids  and  Parathyroids  upon  the  Inorganic 

Ion  Balance  of  the  Blood. 

Dog  12;  female;  weight  20  kilos. 


Per  100  gm.  of  whole  blood. 

Date. 

1 

1, 

• 

£ 

• 

a 

3 

Remarks. 

a§ 

s 

p 

a 

'S 

3 

otal 
pho 

•mm 

-a 

..  o 

9 

3 

1 

O 
mg. 

mg. 

o 

mg. 

Wt(7. 

00 

mg. 

19U 

Feb.   3 

294 

35.0 

5.3 

28.0 

305 

4.9 

Normal  taken  2  days  after 
last  meal. 

"      6 

Complete  thyroid  removal. 

"      7 

Dog  normal. 

"      8 

«           « 

"      9 

267 

35.0 

2.8 

37.0 

310 

5.1 

9.00   a.m.    dog    apparently 

9.30  a.m. 

normal,  drank  water  very 
copiously.  9.15  a.m.  ac- 
tive tetany.  9.  SO  a.m. 
blood  drawn.  11.00  a.m. 
dog  standing  up,  tetany 
about  disappeared, breath- 
ing rapid.  11.45  a.m. 
severe  tetany,  chattering 
teeth,  rapid  respiration. 
11.55  a.m.  given  20  cc.  5 
per  cent  calcium  lactate 
subcutaneously.  1 .  45  p.m. 
still  in  convulsive  tetany, 
rapid  respiration,  given  20 
cc.  5  per  cent  calcium  lac- 
tate. 3.00  p.m.  tetany 
disappeared,  respiration 
normal. 

Feb.    9 

292 

35.0 

2.7 

32.3 

309 

5.2 

6. 00  p.m.  blood  sample  taken. 
6.00  p.m.  dog  apparently 
normal. 

"     10 

270 

34.8 

2.8 

32.0 

274 

4.5 

9.00  a.m.  dog  in  severe 
tetany,  blood  sample  taken. 

"     11 

290 

34.5 

2.0 

34.0 

298 

4.6 

8.30  a.m.  dog  in  tetany  of 
more  or  less  severe  spas- 
modic attacks.  4. SO  p.m. 
blood  sample  taken;  spas- 
modic tetany. 

"     12 

No  blood  sample  taken. 
Dog  about  the  same. 

"     13 

Dead.    No  convulsions. 
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in  some  cases  and  not  in  others  is  not  understood.  In  the  results 
of  Greenwald  published  by  Hastings  and  Murray  (4)  he  has 
found  increases  in  phosphorus  in  all  the  cases  cited.  Our  results 
do  not  entirely  agree  with  those  of  Greenwald. 

While  it  is  well  known  that  calcium  exists  entirely  in  the  serum, 
and  potassium  chiefly  in  the  cells,  it  is  not  easy  to  explain  these 
changes  on  the  ground  that  the  blood  has  become  more  concen- 

TABLEVn. 

The  Influence  of  Removal  of  the  Thyroids  and  Parathyroids  upon  the  Inorganic 

Ion  Balance  of  the  Blood. 

Dog  13;  female;  weight  12  kilos. 


Per  100  gm.  of  whole  blood. 

• 

Date. 

4 

J, 

• 

• 

E 

• 

• 

Remarks. 

0,3 

2 

• 

B 

i 

JO 

O 
mo. 

oft 
H 

mg. 

|     Calm 

• 

1 

o 
-    (U 

mo. 

|     Sodiu 

• 

1 

mg. 

19tt 

Mar.    7 

310 

36.8 

5.8 

26.1 

330 

• 

4.9 

Normal  after  48  hrs.  fasting. 
Thyroid  and  parathyroids 
removed. 

"       8 

Dog  normal. 

"       9 

«           n 

"      10 

278 

50.0 

2.4 

38.0 

320 

4.8 

7.30  a.m.   slight   twitching 

8.30  a.m. 

movements.  8.00  a.m. 
rapid  breathing  and 
tetany.  8. SO  a.m.  blood 
sample  drawn. 

Mar.  10 

289 

55.7 

1.9 

38.6 

321 

4.9 

No    especial    benefit    from 

5  p.m. 

* 

bleeding,  continued  te- 
tany. Blood  sample  taken 
at  5  p.m.  and  dog  bled  to 

death. 

trated.  While  neither  blood  solids  nor  hemoglobin  have  been 
followed  in  these  experiments,  it  has  been  shown  in  this  laboratory 
by  Underhill  and  Nellans  that  the  hemoglobin  values  remain 
fairly  constant  in  parathyroid  tetany.  Further  proof  that  this 
cannot  be  the  explanation  is  the  fact  that  the  chlorides,  sodium, 
and  magnesium  remain  practically  constant,  and  also  phosphorus 
in  the  majority  of  cases. 
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.     SUMMARY  OF  THE  RATIOS  OBTAINED  IN  TETANY. 

That  the  symptoms  of  the  increased  irritability  and  tetany  are 
closely  allied  to  the  disturbed  ratios  of  the  various  ions  will  be 
seen  in  Table  VIII. 

From  this  table  the  results  suggest  that  changes  in  the  ratios 
are  more  important  than  the  absolute  changes  in  any  one  of  the 


elements.    When  the  ratio  of  the 


monovalent  . 


ions  reaches  40 


divalent 

and  above  the  animals  always  show  convulsive  tetany,  while  the 

(K) 
ratio  —  of  10  or  above  is  accompanied  by  convulsive  tetany. 

TABLE  VIII. 

Ion  Ratios  in  Tetany  after  Removal  of  Thyroids  and  Parathyroids. 


Period. 


Normal 

Height.: 

Death 

After  Ca  injections  suc- 
ceeding tetany 

Normal 

Height 

Death 

After  Ca  injection  suc- 
ceeding tetany 


Ions. 


(K) 
(Ca) 


(Na)+(K) 
(Ca)+(Mg) 


Dor  9. 

Dog  10. 

Dog  11. 

Dog  12. 

3.8 

4.5 

5.8 

5.2 

10.0 

10.2 

9.5 

13.2 

19.0 

22.2 

16.4 

17.0 

9.0 

19.5 

28.7 

32.8 

30.0 

32.8 

40.1 

40.2 

35.3 

43.9 

48.5 

40.2 

45.4 

51.0 

30.0 

42.0 

IS. 


5.1 

15.8 
23.1 


31.4 

49.8 
52.8 


DISCUSSION. 

From  the  preceding  results  it  is  apparent  that  there  is  a  marked 
change  in  certain  of  the  blood  constants,  especially  in  the  case  of 
calcium  and  potassium  following  parathyroid  tetany.  Whether 
the  removal  of  the  parathyroids  is  directly  responsible  for  these 
changes,  or  whether  the  change  in  the  blood  salts  is  a  secondary 
manifestation  cannot  be  inferred  from  the  data.  However,  we 
are  of  the  opinion  that  the  parathyroids  function  in  some  manner 
or  other  in  the  detoxication  of  some  toxic  products  which  prob- 
ably affects  the  calcium.    Recently  Luckhardt  and  Rosenbloom 
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(21)  have  shown  that  by  continuous  intravenous  injections  of 
calcium-free  Ringer's  solution,  thereby  keeping  up  a  brisk  diuresis, 
they  were  able  to  maintain  tetany  dogs  for  51  days.  This  would 
immediately  point  to  some  toxic  substances  being  washed  out  of 
the  blood.  Paton  and  Findlay  (22)  have  ascribed  this  toxic  prod- 
uct to  guanidine,  and  were  able  to  produce  typical  tetany  in 
dogs  by  injection  of  this  substance. 

It  has  long  been  observed,  as  our  own  experiments  show,  that 
at  least  in  the  early  part  of  tetany,  the  mere  expediency  of  drawing 
blood  will  temporarily  alleviate  the  symptoms  of  tetany.  It  is 
very  difficult  to  explain  such  a  phenomenon,  unless  we  assume  a 
toxic  product  in  the  blood  stream. 

In  the  relation  of  calcium  to  potassium  a  rather  remarkable 
change  may  be  observed.  It  is  a  well  recognized  fact  that  potas- 
sium is  antagonistic  to  calcium.  There  are  no  readily  available 
stores  of  calcium  to  be  called  upon,  while  the  various  cells  of  the 
body  store  large  amounts  of  potassium,  which  could  be  easily 
called  into  use.  The  more  potassium  poured  into  the  blood,  the 
greater  becomes  the  disturbance  in  the  equilibrium  of  the  ions. 
If  the  relation  of  the  ratios  between  these  two  elements  at  the 
time  of  the  first  attack  of  severe  tetany  are  of  any  significance  in 
relation  to  the  conception  of  these  symptoms,  then  a  further  in- 
crease in  the  ratio  of  potassium  to  calcium  must  be  more  detri- 
mental to  the  organism.  That  the  change  in  potassium  as  well 
as  calcium  perhaps  has  an  apparent  importance  is  highly  probable. 
Kramer,  Tisdall,  and  Howland  (5)  have  found  increases  in  potas- 
sium in  infantile  tetany.  MacCallum  and  Voegtlin  (1)  in  study- 
ing the  effect  of  various  salts  upon  tetany  found  that  the  injection 
of  potassium  acetate  did  not  relieve  the  symptoms,  but  if  any- 
thing tended  to  increase  the  tetany,  while  it  required  a  greater 
subsequent  injection  of  calcium  lactate  to  relieve  these  animals. 
While  these  experiments  of  the  latter  authors  are  of  doubtful 
significance  they  at  least  furnish  an  interesting  speculation. 
That  this  peculiar  relation  of  calcium  and  potassium  is  not  an 
idiosyncrasy  of  tetany  alone  has  been  shown  in  this  laboratory. 
By  the  injection  of  sodium  oxalate  the  calcium  of  the  blood  can 
be  greatly  decreased,  while  the  potassium  rises,  even  to  a  greater 
amount  than  that  obtained  in  tetany.    With  these  facts  before 
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us,  it  is  quite  possible  that  calcium  and  potassium  are  very  in- 
timately related  in  their  metabolism,  and  when  the  equilibrium 
existing  between  them  is  disturbed  grave  consequences  follow. 

CONCLUSIONS. 

1.  The  blood  salts  in  dogs  under  normal  fasting  conditions  are 
practically  constant. 

2.  Parathyroidectomy  chiefly  disturbs  the  ratio  between 
calcium  and  potassium. 

3.  The  inception  of  tetany  obtains  with  a  definite  change  in  the 
ratio  of  calcium  to  potassium. 

4.  The  hypothesis  is  suggested  that  both  low  calcium  and  high 
potassium  are  factors  in  the  production  of  the  increased 
irritability. 
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STUDIES   OF   GAS   AND   ELECTROLYTE   EQUILIBRIA  IN 

BLOOD. 

I.   TECHNIQUE  FOR  COLLECTION  AND  ANALYSIS  OF  BLOOD,  AND 
FOR  ITS  SATURATION  WITH  GAS  MIXTURES  OF 
KNOWN  COMPOSITION. 

By  J.  H.  AUSTIN,  G.  E.  CULLEN,  A.  B.  HASTINGS,  F.  C.  McLEAN, 

J.  P.  PETERS,  and  D.  D.  VAN  SLYKE. 

{From  the  Hospital  of  The  Rockefeller  Institute  for  Medical  Research.) 

(Received  for  publication,  July  12, 1922.) 

INTRODUCTION. 

Recent  articles  by  L.  J.  Henderson  (1920, 1921),  Parsons  (1919), 
Van  Slyke  (1921, 6;  1922),  and  A.  V.  Hill  (1922)  have  summarized 
the  present  state  of  our  knowledge  concerning  the  interaction  of 
oxygen,  carbon  dioxide,  hemoglobin,  chlorides,  and  other  constit- 
uents involved  in  the  respiratory  function  of  the  blood  and  in  the 
maintenance  of  its  neutrality  and  osmotic  pressure.  The  field 
in  its  present  state  has  been  developed  from  the  blood  gas  studies  of 
Bohr,  Haldane,  Barcroft,  and  their  collaborators,  and  the  investi- 
gations of  the  blood  electrolytes  dating  from  Zuntz  through 
Hamburger  and  Giirber  to  present  investigators  (e.g.  L.  J.  Hender- 
son, 1908;  Van  Slyke  and  Cullen,  1917;  Adolph  and  Ferry,  1921; 
Pridericia,  1920;  Doisy,  Eaton,  and  Chouke,  1922;  Barcroft, 
Bock,  Hill,  Parsons,  Parsons,  and  Shoji,  1922). 

The  reactions  known  to  be  involved  in  the  respiratory  changes 
of  the  blood,  and  the  accompanying  shifts  of  gases  and  acids 
between  plasma  and  cells,  are  in  part  indicated  qualitatively 
by  the  accompanying  diagram  (Fig.  1). 

All  six  reactions  are  forced  from  left  to  right  by  increase  in 
HfCQj,  which  results  in  formation  in  the  plasma  of  bicarbonate 
from  two  sources  (Reactions  1  and  2),  and  in  the  cells  from  two 
other  sources  (Reactions  5  and  6). 
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The  displacement  of  base  from  combination  with  hemoglobin 
by  HC1  (Reaction  4)  or  H2C03  (Reaction  6)  results  in  a  decrease 
in  the  oxygen  bound  by  hemoglobin  (last  steps  of  Reactions  4  and 
6),  because  when  alkali  hemoglobinate  loses  part  of  its  alkali  it 
also  loses  part  of  its  affinity  for  oxygen. 

On  the  other  hand,  increase  of  0*  (from  the  lungs)  forces  Reac- 
tions 4  and  6  backwards,  and  thereby  through  Reactions  6  and  2 
sets  H2C03  free. 

By  the  reactions  outlined  influx  of  oxygen  sets  H2CO3  free 

and  thereby  helps  the  blood  throw  off  in  the  lungs  its  overload  of 

COt;  while  in  the  capillaries  influx  of  CO2  sets  oxygen  free  from 

combination  and  thereby  makes  it  more  readily  available  to  the 

tissues. 

It  is  apparent  from  the  diagram  that  every  reaction  affects 
every  other  reaction.  In  a  given  blood  the  0*  and  the  HjCQg 
concentrations  are  the  two  variables  that  are  directly  changed 
by  respiration,  and  their  alterations  govern  the  accompanying 
changes  in  all  the  other  variables,  which  are  dependent  on  them. 
As  L.  J.  Henderson  has  pointed  out  (1921),  when  we  have 
in  a  given  blood  only  two  independent  variables  to  deal  with, 
by  determining  the  relationship  of  each  other  variable  to  these 
two,  or  to  any  given  two  within  the  system,  the  quantitative 
interrelationships  among  them  all  may  be  determined.  This 
may  be  accomplished  either  algebraically,  or,  more  simply,  by 
a  two  dimensional  diagram  such  as  Henderson  has  used  (1921), 
or  by  an  alignment  chart.  (The  pH,  although  not  indicated  on 
our  diagram,  is  also  one  of  these  dependent  variables,  since  its 

value  is  set  by  the  BHC03  and  H2CO3  according  to   Hassel- 

TBHCO  1  \ 
balch's  (1917)  equation  pH  =  pK'  +  log  fT3  ~~  ,   )• 

IXI2IAJ3I  / 

It  appears  that  the  chief  substances  and  reactions  involved  in 
the  respiratory  changes  of  the  blood  are  probably  known;  and 
that  Henderson  has  solved  the  mathematical  problem  of  expressing 
by  a  practicable  method  the  many  relationships  involved. 

One  cannot,  however,  read  the  recent  theoretical  papers  quoted 
at  the  beginning  of  this  paper  without  being  struck  by  the  present 
inadequacy  of  experimental  data  sufficiently  accurate  and  complete 
to  permit  within  definable  limits  of  error  the  formulation  of  the 
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quantitative  relationships  involved.1  Such  data  require  simul- 
taneous observations  of  several  changes  with  technique  of  a 
precision  gauged  in  detail  to  meet  the  requirements  of  the  problem. 

Preliminary  experiments  leading  towards  the  systematic 
determination  of  data  on  the  various  factors  in  the  system  were 
begun  by  McLean,  Murray,  and  L.  J.  Henderson  (1920)  in  Hender- 
son's laboratory.  The  magnitude  of  the  task  made  a  coordinated 
division  of  it  between  at  least  two  laboratories  advisable,  and  the 
present  series  of  papers  from  this  laboratory  is  the  partial  result 
of  such  a  division. 

The  problem  of  the  determination  of  CO*  and  O2  tensions  by 
analyses  of  the  gas  phase  was  already  solved  by  Haldane's  appar- 
atus for  air  analysis.  We  used  this  apparatus  with  the  single  4-way 
stop-cock  introduced  by  Yandell  Henderson  (1918). 
,  The  methods  available  for  the  determination  of  blood  gases 
were  less  satisfactory.  Fig.  2  is  constructed  from  observations 
collected  from  the  literature  by  Peters,  Barr,  and  Rule  (1920),  and 
presents  in  graphic  form  the  relations  which  appear  to  obtain 
between  the  carbon  dioxide  tension,  the  carbon  dioxide  concen- 
tration, and  the  hydrion  concentration  in  average  normal  human 
blood.  On  this  figure  have  been  introduced  carbon  dioxide 
absorption  curves  (a),  of  completely  oxygenated  blood;  (b),  of 
completely  reduced  blood  (located  at  the  distance  above  the  curve 
of  oxygenated  blood  indicated  by  the  results  of  Christiansen, 
Douglas,  and  Haldane  (1914)) ;  and  (c),  of  plasma  from  the  oxygen- 
ated blood.  A  comparison  of  these  curves  shows  the  magnitude 
of  the  changes  which  it  is  necessary  to  analyze. 

The  large  unblocked  rectangle  (A)  represents  an  estimation 
of  the  maximum  combined  error  involved  in  the  determination  of 
the  carbon  dioxide  absorption  curve  by  a  technique  employed 
recently  by  Peters,  Barr,  and  Rule  (1920).  The  error  is  indicated 
in  terms  of  pH,  of  volumes  per  cent  of  carbon  dioxide  in  the  blood, 
and  of  millimeters  of  carbon  dioxide  tension.  We  believe  that  the 
procedure  employed  in  these  experiments  was  as  accurate  as  that 
used  by  previous  workers.  Nevertheless,  the  rectangle  representing 
the  possible  cumulative  error  covers  40  per  cent  of  the  difference 

1  The  quantitative  relationships  between  Reactions  1  and  2  appear 
satisfactorily  established  in  a  paper  by  Doisy,  Eaton,  and  Chouke  (1922), 
which  appears  as  this  paper  goes  to  press. 
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A  —  Maximum  combined  error  estimated  to  exist  in  method  used  by  Peters 
and  Barr  for  the  determination  of  the  COi  absorption  curve. 

(2.6  vol.  percent) 

B  —  Error  ascribed  by  Husetbalch  to  the  electrometrio  method  of  deter- 
mining pH.  (0.02) 

C  =  Maximum  error  of  earlier  methods  of  measuring  the  carbon  dioxide 
content  of  blood.  (1.0  vol.  per  cent) 

D  —  Error  of  present  electrometric  pH  measurements.  (0.01) 

E  -•  Small  black  square  in  center  represents  variations  in  duplicate  deter- 
minations of  COi  content  by  improved  method  now  employed. 

(±0.1  vol.  percent) 
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between  the  carbon  dioxide  content  of  completely  reduced  and  that 
of  completely  oxygenated  blood.  The  cross-hatched  rectangle 
(C)  represents  the  limits  of  variation  in  duplicate  determinations 
of  the  blood  carbon  dioxide  by  the  method  presented  by  Van  Slyke 
in  1917  which  was  used  by  Peters,  Barr,  and  Rule.  These  limits 
are  of  the  same  magnitude  as  those  usually  ascribed  to  the  Bar- 
croft  and  Haldane  methods.  The  difference  between  the  clear 
rectangle  (A)  and  the  cross-hatched  rectangle  (C)  indicates  the  sum 
of  the  errors  introduced  by  the  manipulations  which  preceded  the 
analyses.  Although  these  errors  are  only  estimated,  we  believe  the 
estimates  are  approximately  correct. 

By  improvements  in  apparatus  and  procedure  for  blood  gas 
determinations  (Van  Slyke  and  Stadie,  1921),  it  is  now  possible  to 
obtain  consistently  duplicate  carbon  dioxide  readings  with  an 
average  variation  from  the  mean  of  ±  0.1  volume  per  cent  or  ± 
0.05  millimol,  a  value  represented  by  the  small  solid  black  square. 
A  more  recent  improvement2  has  reduced  the  maximum  variation 
in  results  by  a  skilled  analyst,  to  d=  0.05  millimol  of  either  Cd 
or  oxygen.  This  variation  is  of  about  the  same  magnitude  as  that 
entailed  in  the  volumetric  measurement  of  blood  in  a  pipette 
calibrated  to  deliver  1  cc.  of  water. 

Variations  in  chloride  estimations  may  be  reduced  to  ±  0.1 
millimol  by  the  application  of  the  method  of  Austin  and  Van 
Slyke  (1920,  1921)  to  sufficiently  large  samples  of  blood 

The  analytical  errors  having  thus  been  reduced,  it  remained  to 
develop  a  procedure  for  preliminary  treatment  which  could  be 
reproduced  so  accurately  that  two  specimens  of  blood  subjected 
to  it  would  not  differ  in  composition  from  each  other,  or  from  their 
common  curves,  by  more  than  the  analytical  errors.  It  is  the 
purpose  of  this  paper  to  present  a  technique  for  the  preliminary 
treatment  of  blood  which  will  meet  these  requirements. 

Table  I  presents  the  steps  in  the  procedure  of  an  ordinary 
experiment,  and  the  factors  which  are  active  in  the  production  of 
error. 

*  The  principle  of  this  apparatus  was  published  last  year  in  a  preliminary 
note  (Van  Slyke,  1921,  a).  The  details  will  appear  shortly  by  Van  Slyke  and 
Neill  in  this  Journal. 
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TABLE  I. 
Factors  Involved  in  Determining  Gas  and  Electrolyte  Equilibria  in  Blood. 


Steps  in  procedure. 


The  drawing,  preparation,  and 
preservation  of  blood 1 

The  saturation  of  blood  at  a 
desired  temperature  with  a 
desired  gas  mixture 2 

Determination  of  the  exact  com- 
position of  the  gas  mixture  at 
equilibrium 3 

The  delivery  of  blood  from  the  ton- 
ometer into  a  receiving  vessel ...  4 
Separation  of  serum  or  plasma  ...  5 


Preservation  of  blood,  plasma,  or 
serum  for  analysis 6 


Sources  of  error. 


Analyses    of    blood,    plasma,    or 
serum 7 


Hemolysis. 

Formation  of  non-volatile  (lactic?) 
acid. 


Change  of  equilibrium  conditions 
during  separation  of  gas  and 
liquid  phases. 

Change  of  gas  content  of  blood  by 
exposure  to  air  or  oil. 


Change  of  gas  content  by  exposure. 
Formation     of    non-volatile     acid 

(whole  blood  only). 
Formation  of  CO»  and  consumption 

of  Oi  (whole  blood  only). 

Change  of  gas  content  by  exposure 

during  transfer  of  sample  from 

container      to      apparatus      for 

analysis. 
Uneven  mixture  of  cells  in  whole 

blood  at  moment  of    measuring 

sample. 
Limit  of  accuracy  of  methods  for 

analysis     of     gas     and     liquid 

phases. 


Sources  of  Error. 

1.  Hemolysis. — Hemolysis  changes  the  distribution  of  gases 
and  electrolytes  between  cells  and  plasma.  We  avoided  hemolysis 
by  careful  handling,  and  by  using  for  most  of  our  animal  experi- 
ments horse  blood,  the  cells  of  which  are  less  fragile  than  those  of 
dog  blood.  In  the  case  of  dog  blood,  we  generally  used  serum  in 
place  of  plasma,  when  determinations  on  the  cell-free  fluid  were 
required. 
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2.  Formation  of  NonrVohiile  Acid  in  Blood. — Christiansen, 
Douglas,  and  Haldane  (1914)  showed  that  if  defibrinated  human 
whole  blood  is  kept  at  37°  its  carbon  dioxide  capacity  falls  by  as 
much  as  2  volumes  per  cent  in  a  half  hour,  apparently  because 
of  the  formation  of  non-volatile  acid.  Peters,  Barr,  and  Rule 
(1920)  observed  a  similar  acid  formation  in  human  blood,  both 
defibrinated  and  oxalated,  but  found  that  when  the  blood  was 
allowed  to  stand  at  room  temperature  after  being  drawn  it 
showed  no  significant  changes  during  the  1st  hour. 

The  formation  of  acid  is  confined  to  the  cells,  since  it  does  not 
occur  in  separated  plasma.  The  time  of  onset  varies  in  bloods  of 
different  species.  Dog  blood  has  been  observed  to  change  measur- 
ably in  an  hour  at  room  temperature,  while  horse  blood  has  shown 
no  measurable  change  in  several  hours.  In  a  paper  which  appears 
as  this  goes  to  press  Evans  (1922)  suggests  that  the  non-volatile 
acid  is  formed  by  glucolysis,  since  its  rate  of  formation  parallels 
that  of  glucose  disappearance.  He  finds  that  the  acid  formation 
is  accelerated  by  loss  of  CO2  (increase  in  pH)  and  is  retarded  by  the 
addition  of  0.1  per  cent  of  sodium  fluoride. 

Up  to  the  present  we  have  avoided  error  from  acid  formation 
by  working  with  horse  blood,  and  by  chilling  the  blood  to  zero 
whenever  any  time  was  allowed  to  elapse  between  the  withdrawal 
of  the  blood  and  its  exposure  to  a  gas  mixture  or  between  this 
exposure  or  centrifugalization  and  analysis.  We  have  also  used 
uniform  periods  for  saturation  at  38°,  so  that  if  acid  formation 
should  occur  it  would  be  relatively  constant  in  different  blood 
samples.  As  a  control  of  this  factor,  in  experiments  whichinvolved 
a  long  series  of  exposures  of  samples  of  a  given  blood,  we  have  re- 
peated the  conditions  of  the  first  exposure  on  the  last  of  the  series. 
Even  when  the  chilled  horse  blood  was  permitted  to  stand  some 
hours  between  the  first  and  last  exposures,  no  change  was  noted. 

8.  Formation  of  CO%  and  Consumption  of  0%  by  Metabolism  of  Whole 
Blood. — It  has  been  shown  by  Harrop  (1919)  that,  by  this  process, 
oxalated  normal  human  blood  loses  0.1  to  0.4  volumes  per  cent 
of  oxygen  in  6  hours  at  38°.  In  horse  blood  we  have  found  no 
significant  changes  at  room  temperature  in  an  hour,  which  was  the 
maximum  time  that  blood  was  allowed  to  stand  unchilled  between 
withdrawal  or  saturation  and  analysis. 
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j^  Vwi-form  Mixtures  of  Cells  and  Tlasma. — The  necessity  of 
obtain&K  a  uniform  mixture  before  samples  are  taken  for  either 
snaVysia  or  saturation  is  especially  great  in  horse  blood,  because 
the  cellB  settle  with  unusual  rapidity.      The  uniformity  of  mixture 


Fro.  3. 

attained  by  our  procedures  was  controlled  by  oxygen  capacity 
determinations,  and  the  procedures  were  regulated  accordingly. 
The  tubes  in  which  blood  was  kept  over  mercury  (Tube_,/,  Fig.  3), 
for  example,  were  inverted  twenty  times  immediately  before  a 
sample  was  withdrawn. 
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Change  of  Equilibrium  Condition  During  Separation  of  Gas  and 
Liquid  Phases. — Changes  in  temperature  or  pressure,  such  as 
may  result  when  the  tonometer  is  removed  from  the  bath,  may 
so  disturb  conditions  of  gaseous  equilibrium  existing  in  the 
tonometer  as  to  render  it  impossible  to  obtain  results  sufficiently 
accurate  for  the  purposes  of  the  problem  outlined  above. 

In  the  procedure  we  have  usually  used  ("First  saturation 
method"  outlined  below),  the  gas  and  liquid  phases,  in  a  state 
convenient  for  analysis,  have  been  separated  while  the  tonometer 
was  still  in  the  water  bath  by  a  mechanical  device  which  avoided 
changes  of  temperature  and  pressure.  In  a  second  process,  used 
for  large  amounts  (over  30  cc.)  of  blood,  the  initial  composition  of 
the  gas  phase  was  fixed  with  especial  care,  and  the  amounts  of 
CO2  and  O2  taken  from  or  given  to  it  by  the  blood  during  saturation 
were  calculated  from  accurate  analyses  of  the  blood  before  and 
after  the  saturation.  Consequently  analysis  of  the  gas  phases 
was  avoided. 

Collection  and  Preparation  of  Blood,  (a).  For  Saturation  without 
Previous  Analysis. — When  blood  is  to  be  exposed  to  known  gas 
mixtures  prior  to  all  analyses,  rigid  precautions  to  avoid  changes 
in  gas  content  before  exposure  are,  of  course,  not  required. 
We  have,  however,  avoided  gross  losses  of  carbon  dioxide,  such 
as  might  possibly  cause  irreversible  changes,  by  drawing  the  blood 
under  oil  in  cylinders  arranged  as  described  by  Van  Slyke  and 
Cullen  (1917,  Fig.  1). 

When  oxalatcd  blood  was  desired,  potassium  oxalate  of  tested 
neutrality  was  placed  in  the  receiver  in  the  proportion  of  0.3  gm.  to 
100  cc.  of  blood.  A  saturated  solution  of  neutral  potassium  oxalate 
was  spread  in  a  film  on  the  walls  of  the  receiver  and  dried  by  an 
air  current.  The  neutrality  of  the  oxalate  was  tested  by  the 
addition  of  phenol  red  to  a  diluted  sample.  Some  samples  of 
oxalate  are  alkaline.  To  such,  oxalic  acid  was  added  until  the 
pH  was  7.4. 

When  defibrinated  blood  was  required  the  oxalate  was  omitted, 
and  the  blood  was  defibrinated  by  stirring  under  oil  with  a  rod. 
The  blood  was  then  filtered  under  oil  through  gauze. 

(fc).  Collection  and  Centrifugation  of  Blood  for  Analysis. — When 
it  was  necessary  to  ascertain  the  gas  content  of  the  blood  as  drawn, 
as  well  as  after  exposure  to  a  known  gas  mixture  we  either  drew  it 
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under  oil  by  the  above  procedure,  or  used  the  apparatus  shown  in 
Kg.  3.  When  small  samples  (10  to  20  co.)  were  drawn  under  oil, 
the  precaution  was  taken  to  use  rubber  and  glass  tubes  (the  latter 
Pyrex)  of  only  2  mm.  diameter  for  the  blood  to  pass  through,  so 
that  it  would  form  a  solid  column  without  bubbles. 

The  receiving  vessel,  J,  coated  inside  with  oxalate,  is  connected  with 

the  mercury  bulb  M  and  the  3-way  cock  H  bearing  the  needle.    J  and  its 

connections  up  to  H  are  filled  with  mercury,  a  few  drops  of  which  are  wasted 

through  F.    The  needle  is  then  inserted  into  the  blood  vessel,  and  a  few 

drops  of  blood  are  permitted  to  escape  from  F,  in  order  to  abolish  the 

air-space  remaining  in  the  connecting  tube.    By  turning  H  (with  M  in  the 

lower  position  shown  in  Fig.  3)  the  needle  and  collecting  vessel  are  directly 

connected  and  the  blood  is  drawn  into  the  latter.    We  have  used  tubes  of 

the  type  /  of  from  10  to  200  cc.  capacity. 

As  soon  as  the  blood  has  been  drawn  J  is  inverted  a  number  of  times  in 
order  to  insure  mixing  of  the  blood  and  oxalate,  a  process  which  is  assisted 
by  the  mercury  that  remains.  The  leveling  bulb  M  is  kept  at  the  upper 
level,  in  order  to  keep  positive  pressure  on  the, blood  sample. 

Sampling  Blood. — The  cells  and  plasma  are  thoroughly  mixed 
immediately  before  sampling  by  repeatedly  inverting  J.  The 
leveling  bulb  being  in  the  upper  ring,  the  pipette  P  is  inserted  into 
ttxe  rubber  tube  outlet  of  J,  the  pinch-cock  is  opened,  K  is  opened, 
*xxd  blood  is  allowed  to  flow  up  into  the  pipette. 

CerUrifugation  without  Loss  of  CO*. — We  have  used  centrifuge 
t^ibe^pf  the  type  L  in  Fig.  3,  similar  to  that  described  by  Parsons 
C1D19).  A  Pyrex  centrifuge  tube  is  fitted  with  a  1-hole  stopper 
^ith  a  flange.  Mineral  oil  is  placed  in  the  open  tube,  and  the  blood 
*&  allowed  to  flow  under  the  oil  and  displace  all  but  the  last  drops  of 
*>il  from  the  tube.  The  stopper  is  then  inserted,  forcing  out  the 
Remaining  oil  through  the  hole  in  the  rubber.  The  glass  plug 
*8  inserted  in  the  hole,  and  the  tube  is  ready  for  centrifugation. 

After  centrifugation  the  glass  plug  is  removed,  and  a  pipette 
containing  oil  is  inserted  in  the  hole.  When  the  stopper  is 
removed  the  oil  flows  over  the  surface  of  the  plasma  and  prevents 
the  escape  of  CO*  during  transfer  of  the  plasma  to  the  sampling 
tube  J.  For  the  protection  needed,  mineral  oil  is  adequate, 
since  it  is  in  contact  with  the  blood  only  a  short  time  during  which 
the  blood  is  not  agitated. 

As  an  alternative  to  stoppering  the  centrifuge  tube  as  above 
described,  the  surface  of  the  blood  may  be  covered,  after  most  of 
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the  mineral  oil  has  been  removed,  by  a  layer  of  melted  paraffin 
(melting  point  40-45°)  which  need  not  exceed  5  mm.  in  thickness. 
After  centrifugation,  a  little  mineral  oil  is  poured  over  the  paraffin. 
A  transfer  tube  or  pipette  may  then  be  inserted  through  or  along 
side  the  paraffin  to  remove  the  plasma.  This  technique  is  useful 
if  the  amount  of  blood  is  too  small  to  fill  the  centrifuge  tube 
completely. 

The  effects  of  variations  in  treatment  on  the  loss  of  CO*  from 
solutions  containing  NaHC03  and  H2C03  in  about  the  concentra- 
tions found  in  normal  human  plasma  are  illustrated  in  Table  II. 

9.  Separation  of  Plasma  from  Centrifugated  Blood. — The  capillary 
tube  J  (Fig.  3)  is  connected  to  •/,  clamped  in  position  as  shown, 
and  J  and  J  are  completely  filled  with  mercury.  The  stopper  is 
then  removed  from  the  centrifuge  tube,  and  the  latter  is  held  so 
that  the  tip  of  J  extends  below  the  protecting  layer  of  oil.  With 
M  at  the  lower  level,  K  is  opened  and  the  plasma  withdrawn  into 
J.  The  pinch-cock  is  then  placed  in  position  on  the  outlet  tube  of 
J,  7  is  removed,  and  M  placed  in  its  upper  support.  Samples  for 
analysis  are  withdrawn  as  described  above. 

10.  Preparation  of  Mercury  and  Apparatus  Used  for  Collecting  and 
Centrif iigating  Blood. — Commercial  "redistilled"  mercury  before 
it  was  used  was  washed  by  falling  from  a  capillary  through  a  1 
meter  column  of  10  per  cent  nitric  acid,  and  then  through  columns 
of  distilled  water.  After  contact  with  blood  or  serum,  mercury 
was  washed  twice  by  shaking  with  distilled  water,  and  was  then 
passed  through  the  nitric  acid  and  water  towers.  Before  use  it 
was  tested  for  the  presence  of  alkali  or  acid  by  shaking  a  few  cc. 
in  a  test-tube  with  water  containing  brom-cresol  purple  and  phenol 
red.  Glassware  and  rubber  for  use  in  contact  with  blood  were 
cleaned,  thoroughly  rinsed  with  distilled  water,  and  dried  by 
drainage  and  evaporation  at  room  temperature.  When  rapid 
drying  of  tonometers  was  necessary,  they  were  rinsed  with 'alcohol 
and  ether  of  tested  neutrality  and  dried  in  an  air  current. 

Saturation. 

We  have  used  two  processes  to  bring  blood  into  equilibrium  with 
gas  mixtures  of  known  composition.  In  both  of  them  measured 
volumes  of  the  gases  were  introduced  with  the  blood  into  tonom- 


Austin,  Cullen,  Hastings,  et  al. 


133 


eters,  which  were  then  revolved  in  a  water  bath  at  38°  until 
equilibrium  was  attained.  In  one  process,  however,  the  calculation 
of  final  gas  tensions  was  based  on  direct  gas  analyses,  the  gas  and 

TABLE  II. 

Loss  of  C0%  from  BHCOtt  H%COt  Solutions  during  Standing  and  Centrif- 

Ugating. 

Change  in  pH  was  used  as  an  index  of  COt  loss.  A  0.03  m  NaHCOs 
solution  containing  phenol  red  was  saturated  at  38°  with  air  containing 
COt  at  50  mm.  tension.  20  cc.  portions  of  the  solution  were  then  trans- 
ferred under  oil  to  centrifuge  tubes  and  treated  as  outlined. 


No. 


6 


An  unstoppered  2  cm.  (diameter)  tube  contain- 
ing 10  cc.  solution  under  a  1  cm.  layer  mineral 
oil  was  allowed  to  stand  for  1 J  hrs 


An  unstoppered  2  cm.  tube  containing  10  cc. 
solution  under  a  4 . 5  cm.  layer  mineral  oil  was 
allowed  to  stand  for  1 J  hrs. . 


An  unstoppered  2.5  cm.  tube  containing  25  cc. 
solution  under  a  1 . 5  cm.  layer  mineral  oil  was 
centrifugated  for  1  hr.  and  then  allowed  to 
stand  for  J  hr 

A  stoppered  2.5  cm.  tube  completely  filled  with 
25  cc.  solution,  under  27  cc.  mineral  oil,  was 
centrifugated  for  1  hr.  and  then  allowed  to 
stand  for  J  hr 

An  open  2.5  cm.  tube  containing  25  cc.  solution 
under  a  1  cm.  layer  of  solid  paraffin  was  cen- 
trifugated for  1  hr.  and  then  allowed  to  stand 
for  J  hr 

A  stoppered  2.5  cm.  tube  completely  filled  with 
50  cc.  solution  and  containing  no  oil  was  cen- 
trifugated for  1  hr.  and  then  allowed  to  stand 
for  i  hr 


Initial. 


PH 


7.35 


7.35 


7.36 


7.36 


7.35 


7.36 


Final. 


PH 


7.35 


7.37 


7.44 


Change. 


PH 


0.0 


+0.02 


7.52 


7.37 


7.36 


+0.08 


+0.16 


+0.02 


0.0 


blood  being  separated  at  the  end  of  saturation  and  analyzed 
separately.  In  the  other  process,  which  was  usually  employed 
when  volumes  of  blood  exceeding  30  cc.  were  used,  direct  analyses 


134         Blood  Saturation  with  Gas  Mixtures 

of  the  gas  phase  were  not  made.  The  gas  mixture  was  made  u 
with  especial  accuracy,  and  the  changes  in  its  0*  and  C0»  content 
during  saturation  of  the  blood  were  estimated  from  the  amounts  of 
these  gases  given  off  or  taken  up  by  the  blood,  which  was  analyzed 
both  before  and  after  its  exposure  to  the  gas  mixture.  With  this 
procedure,  separation  of  the  gas  phase  in  condition  for  analysis 
after  saturation  was  unnecessary. 

The  oxygen  (commercial)  used  was  tested  for  purity  by  absorp- 
tion with  pyrogallol.  The  CO2  from  a  Kipp  apparatus,  was 
tested  by  absorption  with  KOH  solution.  The  hydrogen,  some- 
times commercial,  sometimes  from  a  Kipp  apparatus,  was  analyzed 
for  oxygen  by  absorption  with  pyrogallol  in  a  Haldane  apparatus. 
Nitrogen  (commercial)  was  analyzed  for  contaminating  oxygen  in 
the  same  manner.  When  air  was  introduced  it  was  freed  of  COt 
by  passage  through  a  tower  filled  with  moist  sodium  hydroxide 
"shells".  This  treatment  reduced  the  CO*  content  of  laboratory 
air  to  0.01  per  cent  or  less.  In  detail  the  two  procedures  for  satura- 
tion of  the  blood  were  carried  out  as  follows. 

First  Saturation  Method.    Final  Tensions  Determined  by  Analysis 
of  Gas  Phase. — The  tonometer  used  (No.  1,  Fig.  3)  was  a  modifica- 
tion of  a  form  introduced  by  Fridericia  (1920),  and  consisted  of 
a  relatively  small  vessel  (5  to  30  cc.) ;  just  sufficient  to  hold  the 
blood,  connected  by  a  rubber  tube  of  6  mm.  inner  diameter  to  a 
larger  vessel  (of  about  300  cc).    A  length  of  about  3  cm.  of  rubber 
tubing  was  left  between  the  glass  parts.     In  order  to  fill  the  tonom- 
eter with  the  desired  gas  mixture,  the  tonometer  was  connected  • 
with  the  gas  manifold  at  T  (Fig.  3),  and  the  air  was  drawn  out 
through  E.    When  the  saturation  was  to  be  performed  at  an 
oxygen  tension  lower  than  that  of  air,  nitrogen  or  hydrogen  was 
then  twice  admitted,  withdrawn  as  completely  as  possible,  and 
readmitted.     It  was  finally  again  drawn  out,  this  time  only  until 
the  pressure  was  reduced  to  about  half  an  atmosphere.    From  the 
gas  burettes  through  A  and  C  sufficient  CO2  and  O2  were  then 
admitted  to  give  the  desired  tensions  of  these  gases  (see  Equations 
3  and  5  below).     Finally,  nitrogen  or  hydrogen  was  admitted  until 
atmospheric  pressure  was  attained. 

The  tonometer  was  then  rotated  horizontally  in  the  bath,  the 
blood  being  so  distributed  between  the  two  chambers  that  the 
ratio  of  blood  to  gas  volume  was  about  the  same  in  both.     (A 
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m  rotating  rack  in  the  water  bath  held  four  tonometers  at  once.) 
■  The  cock  of  the  tonometer  was  opened  near  the  surface  of  the 
f  water  several  times  at  intervals  of  a  few  minutes,  until  no  more 
gas  bubbles  escaped.  At  each  opening  the  tonometer  was  held  sa 
nearly  upright  that  all  the  blood  drained  into  the  lower  chamber; 
it;  was  redistributed  before  the  tonometer  was  clamped  back  into 
I>lace. 

The  time  required  to  attain  equilibrium  between  a  gas  mixture 

SLui  blood  is  dependent  on  the  time  necessary  for  the  tonometer 

contents  to  reach  bath  temperature,  on  the  relation  of  gas  volume 

"to  liquid  surface,  on  the  invasion  coefficient  of  the  gas  (Bohr,  1905, 

by,  and,  also,  when  the  gases  combine  with  substances  in  the  blood, 

on  the  rate  of  combination.    Under  the  conditions  above  outlined, 

*fcout  15  minutes  sufficed  for  the  production  of  equilibrium  when 

only  CO*  changes  were  involved,  while  30  to  40  minutes  were 

r^quired  when  the  oxygen  tension  of  the  blood  was  greatly  reduced 

*>y  the  process. 

Because  the  A  of  Equation  3  can  be  estimated  only  approxi- 
X:t*ately,  the  gas  tensions  obtained  at  the  end  of  a  single  saturation 
be    only    approximately  predetermined.    Since   the  exact 
tensions  are  accurately  found  by  gas  analyses,  however, 
approximate  predetermination  of  them  is  usually  all  that  is 
deeded  (when,  for  example,  data  are  being  obtained  for  a  curve). 
When,  however,  it  was  desired  to  bring  the  blood  gases  to  an 
exactly  predetermined  final  tension,  exposure  in  the  tonometer 
^as  repeated  once;  and,  when  large  tension  changes  were  involved, 
twice.    After  the  first  exposure  the  tonometer  was  held  upright 
in  the  bath  until  all  the  blood  was  in  the  lower  chamber,  which 
*ras  then  clamped  off  from  the  upper.    The  gas  mixture  in  the 
latter  was  then  drawn  out  and  replaced  as  described  above,  with 
a  mixture  of  the  exact  tension  desired. 

When  the  final  saturation  was  complete,  the  tonometer  was 
held  upright  in  the  bath  until  the  blood  had  drained  as  completely 
as  possible  into  the  lower  chamber.  The  latter  was  next  separated 
from  the  upper  chamber  by  screwing  two  clamps  upon  the  rubber 
connecting  tube.  One  clamp  was  attached  near  each  glass  part, 
that  nearest  the  lower  chamber  being  screwed  down  first,  to  avoid 
the  compression  of  gases  over  the  blood  that  would  result  if  the 
upper  clamp  were  fastened  first.     The  tonometer  was  then  raised 
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so  that  only  the  lower  chamber  remained  in  the  bath,  and 
rubber  tube  was  cut  with  scissors  just  below  the  upper  clam; 
leaving  about  2  cm.  of  the  tube  projecting  above  the  lower. 

Into  the  upper,  gas-containing  chamber,  about  50  cc.  of  mercui 
were  run  under  pressure  through  the  3-way  cock.     The  gas 
thereby  put  under  positive  pressure,  which  facilitated  drawinj 
samples  into  the  HaJdane  apparatus  for  analysis,  and  preventec^ 
the  possibility  of  entrance  of  atmospheric  air  by  leakage. 

While  the  separated  lower  chamber  still  remained  in  the  bath^ 
its  3-way  cock  was  connected  with  a  mercury  leveling  bulb.  Thes^ 
clamp  on  the  rubber  outlet  tube  was  then  opened  for  a  few  seconds, 
while  mercury  was  run  into  the  chamber  from  below  until  the 
blood  had  risen  into  the  rubber  tube  and  displaced  all  the  gas  in 
the  chamber.  The  clamp  on  the  tube  was  then  closed;  the 
chamber  was  taken  from  the  bath,  clamped  on  a  ring-stand,  and 
removed  for  analysis  of  the  blood. 

Blood  samples  for  analysis  were  drawn  exactly  as  from  the 
sampling  tube  described  on  page  131  (J,  Fig.  3).  In  order  to  make 
the  pipette  tip  fit  tigiitly  into  the  rubber  outlet  tube  of  the  cham- 
ber, it  was  usually  necessary  to  encircle  the  tip  with  a  rubber,  ring 
cut  from  a  section  of  tubing.  This  ring  was  lubricated  with 
vaseline  to  facilitate  fitting  it  into  the  rubber  tube  of  the  blood 
container. 

Second  Saturation  Method.  Final  Tensions  Estimated  from 
Analyses  of  the  Blood. — In  the  second  method,  used  for  larger 
volumes  of  blood  than  the  first,  a  tonometer,  modelled  like  a 
Barcroft  gas  sampling  tube,  with  a  single  chamber  (No.  2  of  Fig.  3) 
of  about  800  cc.  capacity  was  employed.  The  volume  of  each 
tonometer,  determined  by  weighing  the  water  it  held,  was  etched 
upon  it.  The  gas  mixture  was  made  in  the  tonometer,  as  described 
in  the  first  method,  by  admitting  measured  volumes  of  oxygen  and 
CO2,  calculated  by  Equations  3  and  5  below.  The  measured 
volume  of  analyzed  blood,  usually  about  75  cc,  was  drawn  in 
through  the  lower  cock  after  the  significant  gases  had  been 
introduced,  and  before  the  pressure  was  finally  adjusted  by  admis- 
sion of  air,  hydrogen,  or  nitrogen.  In  this  case,  the  final  total 
pressure  at  room  temperature  was  kept  80  mm.  below  atmospheric 
by  admitting  the  last  gas  through  the  mercury  pressure  regulator 
shown  in  Fig.  3.    Otherwise,  since  the  cocks  were  not  opened 
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during  saturation,  they  were  likely  to  be  forced  out  by  the  pressure 
which  developed  as  the  gases  within  warmed  up  in  the>  bath. 
The  tonometers  were  in  all  cases  made  of  Pyrex  glass. 

When  it  was  necessary  to  know  exactly  the  final  tension  at 
equilibrium,  but  not  necessary  that  this  tension  be  precisely  at 
a  predetermined  point,  one  saturation  was  sufficient.  The  initial 
gas  mixture  was  prepared  according  to  Equations  3  and  5  below,  to 
give  approximately  a  desired  final  tension,  and  the  exact  final 
tension  was  calculated  after  analysis  of  the  saturated  blood  by 
Equation  4. 

When,  however,  the  plan  of  the  experiment  made  it  desirable 
to  fix  the  final  tension  of  CO2  or  O2,  or  both,  at  exact,  predetermined 
points,  either  two  or  three  successive  saturations  were  performed 
on  the  same  blood  in  different  tonometers.    The  tension  for  the 
first  saturation  was  calculated  according  to  Equation  3,  while 
for  the  second  and  third,  the  gases  were  measured  into  the  tonom- 
eters in  such  proportions  as  to  produce  the  exact  tension  desired. 
rhe  total  number  of  saturations  was  Jbwo,  if  the  tension  change 
Jn  the  blood  was  slight,  such  as  the  change  Jf^onj  45  to  40  mm.  of 
COj  tension;  while  three  equilibrations  were  used  if  the  change  was 
krger,  as  when  blood  at  40  mm.  was  changed  to  20  or  60.    Analy- 
^s  of  the  blood  were  performed  after  each  of  the  last  two  satura- 
tions.   Usually  both  results  were    identical.    If  there   was  a 
difference,  the  slight  effect  on  the  final  tension  was  calculated  by 
^cjuation  4. 

^Transfer  of  Blood  from   Tonometer  to   Tonometer  in  Second 

S*xturation  Method. — The   receiving  tonometer  was  evacuated, 

a***d  the  desired  amounts  of  CO2  and  O2  were  run  in,  together  with 

Plough  inert  gas  (H2  or  N2)  to  make  about  half  an  atmosphere  of 

****«s8ure.    The  two  tonometers  were  connected  below  by  a  capil- 

^*y  U-tube,    the  delivering  tonometer  having  been  wrapped  in 

^  towel  wet  with  water  at  38°  as  soon  as  it  was  removed  from  the 

**^th.     The  upper  cock  of  the  delivering  tonometer  was  opened  and 

^•Vie  connecting  tube  was  filled  with  blood  by  manipulation  of  the 

*Ower  cocks.    Then  all  but  a  few  drops  of  the  blood  was  drawn 

**ver  into   the   receiving   tonometer.     Sufficient  inert   gas   was 

finally  admitted  to  raise  the  pressure  to  B  — 80  mm. 

Transfer  of  Blood  from  Tonometer  to  Final  Container  in  Second 
Saturation  Method.-^-One  3-way  cock  of  the  tonometer  was  lifted 
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from  the  bath  and  connected  with  the  mercury-filled  receiving 
tube  (J,  Fig.  3),  and  the  connections  were  filled  with  mercury. 
The  tonometer  was  then  inverted  and  placed  upright  in  the  bath, 
with  the  mercury-filled  receiving  vessfel  below  and  the  upper  end 
projecting  from  the  bath.  The  upper  cock  was  opened  to  the 
air,  and  the  blood  was  drawn  down  into  the  receiving  tube.  In 
some  instances  the  exchange  was  quickly  performed  outside  the 
bath,  the  tonometer  having  been  wrapped  with  a  towel  before 
removal  from  the  water. 

Calculations. 

The  formulas  used  in  the  calculations  were  developed  as  follows: 

Let  Pj  =  final  tension  in  mm.  of  mercury,  of  a  specified  gas  (COi  or  Os)  in 
tonometer  at  end  of  saturation. 
p%  ~  initial  tension  of  the  specified  gas  in  tonometer  at  the  beginning 

of  saturation. 
A   =   increase  in  total  (free  and  combined)  millimolecular  concentra- 
tion of  the  specified  gas  in  the  blood  caused  by  changing  the 
blood  from  its  original  state  to  that  at  the  end  of  saturation. 
(A  is  negative  if  the  concentration  of  the  gas  in  the  blood 
decreases  during  the  saturation.) 
Tt*  =  absolute  temperature  of  tonometer  during  saturation. 
Tkmrtttt  =  absolute  temperature  of  burette  from  which  gas  is  measured  into 
tonometer. 
Vtn  =  cc.  total  volume  content  of  tonometer. 
Vhurtte  =  cc.  volume  of  the  specified  gas  measured  over  water  in   the 
burette,  at  barometric  pressure  and  7Vur«««,  which  must  be 
transferred  to  the  tonometer  to  give  therein  p<  tension  of  the 
gas  at  Ttn. 
Vbi  =  cc.  volume  of  blood  in  tonometer  during  saturation. 
y^-Vbi  =  cc.  volume  of  gas  space  in  tonometer  during  saturation. 
B  =  barometric  pressure  in  mm.  of  mercury. 
W  =  vapor  tension  of  water  in  mm.  of  mercury. 

If  we  place  the  volume  of  CO2  or  O2  absorbed  by  the  blood, 
equal  to  the  volume  lost  by  the  gas  phase  to  the  blood  during 
saturation,  we  obtain  an  equation  from  which  may  be  calculated 
the  initial  tension  necessary  to  secure  a  given  final  tension  or 
the  final  tension  resulting  from  a  given  initial  one. 

The  number  of  cc.  of  CO2  or  O2,  reduced  to  0°,  760  mm., 
absorbed  by  the  blood  during  saturation  is  equal  to  the  product 
of  the  total  cc.  of  blood  times  the  volume  of  gas  absorbed  by  each 
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cc.  This  product  is  7W  X  0.0224A.  (The  factor  0.0224  is  the 
number  of  cc.  of  gas,  reduced  to  0°,  760  mm.,  contained  in  1  cc. 
of  a  millimolecular  solution  of  the  gas.  Consequently  0.0224A  is 
the  volume  of  gas,  reduced  to  0°,  760  mm.,  absorbed  by  each  cc.  of 
blood.  The  equations  may  be  transformed  into  terms  of  volumes 
per  cent  of  gas  by  substituting  0.01  for  0.0224.) 
The  total  initial  volume  of  the  specified  gas,  reduced  to  0°,  760 

mm.,  in  the  gas  space  of  the  tonometer  is  (Vtn  —  7W)  —J-  — , 
and  the  final  volume  of  the  gas,  at  0°,  760  mm.,  is  (Vtn  —  V^ 
~  — .  The  volume  of  gas,  at  0°,  760  mm.,  lost  from  the  gas 
phase  to  the  blood  during  saturation  is  the  difference  between  the 
two,  or  (Vtn  —  Vbi)  f  "^r-    Placing  the  above  two  expres- 

sions equal  to  each  other  we  have 

Pi  -  Vt  273 
0.0224A7w-(Fm^7w)-^/-F 


Volume   of      Volume  of  Oi  or  CO,  0) 

O,  or  CO,  lost  by  gas  phase, 

gained     by 
blood. 

In  order  to  find  the  CO2  tension,  p,-  in  the  tonometer  with  which 
we  must  begin  saturation  to  reach  the  desired  final  tension  py  we 
solve  Equation  1  for  pt-  and  obtain  Equation  2. 

Pi-p/+(760X0.0224A^7-^)  (2) 

When  the  numerical  constants  are  combined  this  becomes 


Pi=P/  +  0.0624-i^ 


*  Ttn  Vbi 

Vtn  ~~  Vbi 


pf  + 19.4  A       Vbl       when  Ttn  -311°  -  38°C.  (3) 


tn        rbl 


Similarly  if  we  fix  the  initial  tension,  pt,  and  measure  the  change  A 
in  gas  content  of  the  blood,  we  can  estimate  the  exact  final  ten- 
sion of  the  specific  gas  at  the  end  of  equilibration  as 
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p,  -  ft  -  0.0624  £%^< 

Y  tn        YU 

-  Pi  -  19.4  A       7m       when  Ttn  -  311°  =»  38°C.  (4) 

For  calculation  of  the  volume  Vburette  of  gas  which  must  be 
measured  in  the  burette  (Pig.  3)  at  atmospheric  pressure  and 
transferred  to  the  tonometer  to  give  therein  the  initial  tension 
pif  we  have  used  Equation  5,  which  is  developed  by  placing  equal 
to  each  other  the  expressions  indicating  the  volume  of  gas  measured 
in  the  burette  and  in  the  tonometer,  respectively,  both  being 
reduced  to  0°,  760  mm.    We  then  have 

V  XB-TT        273     „  (v    _  y  x  Vi ;  273      ,   ^ 

n«r^X  — Xjr^      Wtn      V»)  m  jr,  whence 


V  =  (V     —  V  ^  P>  *  burette 

Y  burette        \Y  tn        Y  W  ITm T ' 


B'Wburette      ^tn 

=  Pi  Win  ~~  ^bi)      ^burette  ,-* 

Ttn  ^"^burette 

Solving  Equation  5  for  p,  we  obtain  in  Equation  6  the  tension 
at  bath  temperature  given  by  the  gas  volume,  Vburettey  measured  into 
the  tonometer. 

«    —  V  tn  burette  /ft* 

Pi  ""    V  burette  rr v~    ~~T ™ 

Y  tn        Y  bl      *  burette 

We  have  found  it  convenient  to  use  Equation  5  in  the  second  of  the 
two  forms  given  above,  for  the  reason  that  it  places  in  one  group 
the  factors  pif  Ttnf  and  (Vtn  —  Vbl)  which  are  independent  of 
temporary  room  conditions  and  can  therefore  be  calculated  in 
advance,  while  the  factors  TbureUe  and  (B  —  Wburette),  which  must 
be  determined  at  the  moment  of  measurement,  are  placed  together 
in  a  second  group. 

Approximate  Estimation  of  A  for  Calculation  of  Initial  Tensions  of 
First  Saturation. — This  estimate  was  made  by  means  of  the  average 
absorption  curve  of  the  kind  of  blood  used.  The  manner  in  which 
the  estimate  was  made  is  shown  by  an  example.  In  the  venous 
blood  drawn  from  the  horse  used  in  most  of  our  experiments  the 
CO*  tension  was  constantly  in  the  neighborhood  of  45  mm.     The 
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average  absorption  curve  of  the  animal's  blood  showed  that 
changing  the  CO2  tension  produced  approximately  the  following 
changes  in  CO2  content: 


p/ 

COt  content. 

A 

mm. 

'  mu. 

mu. 

20 

15.0 

-6.6 

40 

20.5 

-1.1 

45 

21.6 

0.0 

60 

23.5 

+1.9 

80 

25.2 

+3.6 

TVhile  the  CO*  content  of  the  blood  as  drawn  varied  at  times 
considerably  from  21.6  mM.,  the  values  of  A  caused  by  given 
changes  in  tension  remained  fairly  constant. 

Exact  Determination  of  A  for  Calculation  of  Final  Gas  Tensions. — 
This  determination  was  made  by  comparison  of  the  analyses  of  the 
Mood  after  each  of  the  last  two  saturations. 

Example: 


Equilibration  No. 

COt  content  of  blood. 

A 

2 
3 

mu. 

21/6 
21.2 

mu. 

-0.4 

limits  of  Error  in  Determination  of  Final  CO2  and  02  Tensions. 
•   &y  Analysis  of  Gas  Phase  at  End  of  Saturation  (First  Method). — 
A  **e  analytical  error  of  CO2  and  O2  determinations  by  the  Haldane 


0.02  volumes  per  cent.    The 

.     0.02 


100 


aPparatus  is  ordinarily  about 

^**8ion   corresponding  to   this    at  760  mm.   and  38°  is 

^  *  60  —  49)  =  0.14  mm.  of  mercury.    It  appears  probable  that 

**^  error  of  estimating  gas  tensions  produced  by  the  "First  satu- 

r^tion  method"  may  be  kept  below  0.2  mm.,  since  errors  are 

tactically  excluded  in  separating  the  gas  phase  for  analysis. 

A*  a  matter  of  fact,  results  shortly  to  be  published  indicate  that 

"this  degree  of  accuracy  can  be  obtained  quite  consistently. 

2 .  By  Analysis  of  Blood  Before  and  After  Saturation  with  Known 
Ga«  Mixtures  (Second  Method). — The  final  tension  is  determined 
by  Equation  4,  which  for  38°  is 
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Vtn        Ybl 

In  determining  the  possible  error  in  calculating  pf)  we  estimate 
and  add  the  maximum  errors  in  the  experimental  determinations 

of  Pi  and  of  the  value  19.4  A  — — ■ — — ,  respectively,  the  latter 

Vln  ~~    *  bl 

value  representing  the  correction  which  must  be  applied  to  pt-  as 
the  result  of  the  loss  or  gain  of  significant  gas  by  the  blood  during 
saturation. 
Pi  is  determined  by  the  amount  of  gas  measured  into  the 

tonometer.    From   Equation  5  we    have  p,-    =*         bwetu      ^ 

At  the  usual  conditions,  viz.  T^^  =  20°  +  273,  Tm  =  38° 

+  273,5  =  760,5  -  W  =  743,  V*  =  800,  Vu  =  75,  we  have  pt  = 

Vbureue  X  1.17.     1  cc.  of  gas,  measured  in  the  burette  (Fig.  3), 

therefore  corresponds  to  a  tension  of  about  1.2  mm.  of  mercury 

in  the  tonometer.    The  gas  can  be  measured  with  an  error  not 

exceeding  0.10  cc,  so  that  p,-  can  be  fixed  within  about  0.10  x 

1.2  =  0.12  mm.  by  measurement.    The  errors  in  the  other  factors, 

T 
viz.  (Vtn  —  7W),  (B  —  W),  and    b™etie  are  relatively  so  small  as  to 

be  negligible. 

The   error  in   determining  the   value   of   the   term    19.4   A 

Vbl 
— —  may  be  estimated  as  follows:    In  our  experiments  the 

*tn  —    Vbl 

blood  occupied  about  one-tenth  as  much  space  as  the  gases  in 

Vhi 
the  tonometer,  — —  =  0.1.    Substituting  0.1  for  the  factor 

Vtn  —    Vbl 

vbl 

— —  in  Equation  4,  for  38°,  we  have  ps  =  p{  —  1.94  A.    That 

Vtn  —    Vbi 

is,  a  change  of  1  mM.  in  the  value  of  A  for  CO*  or  O2  causes  a 
change  of  about  1.9  mm.  in  the  tension  of  the  gas  at  38°.  The 
analytical  error  of  our  blood  gas  determinations  is  about  =fc  0.05 
mM. ;  and  A  represents  the  difference  between  two  determinations, 
so  that  its  possible  error  would  be  twice  as  great,  or  ±  0.1  mil. 


f 
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Tlie  latter  would  cause  an  error  of  1.9  X  0.1,  or  about  0.19  mm. 

Vhl 
in  the  calculation  of  the  value,  1.94  A  — — . 

vm  ""  Vbl 

The  total  error  in  the  determination  of  the  final  tension  in  the 
manner  indicated  by  the  equation  pf  =  p{  +  19.4  A  — rT"we 

Vtn   ~    Vbl 

therefore  estimate  as  approximately  0.12  +  0.19  =  0.3  mm.  of 
O*  or  CO2  tension.  This  is  of  the  same  order  of  magnitude  as  the 
error  involved  in  estimating  the  final  tension  by  analysis  of  the 
tonometer  gas,  discussed  above. 

The  error  in  the  calculation  from  A  may  be  reduced  in  either  of 
two  ways.     (1)  Since  the  error  is  chiefly  due  to  the  factors  involved 


in   the  term  A 


,  it  may  be  reduced  by  reducing  Vbi,  the 


Vm  -   Vbl 

volume  of  blood  used,    and  therefore   the   factor 


TABLE  III. 


Vln  -  Vu 


Sample. 

CO*  tension  calculated  from 

volume  of  COt  measured 

into  tonometer. 

COt  tension  calculated  from 
analysis  of  tonometer  gaa. 

1 
2 

mm.  Hg 

24.42 
25.23 

mm.  Hg 

24.35 
25.01 

^)  When  the  final  tension  has  been  estimated  by  Equation  4,  the 
Wood  may  be  saturated  once  more,  at  exactly  this  tension.  The 
error  is  thereby  practically  reduced  to  that  involved  in  fixing 
P»»  'Which  is  only  0.1  mm.  of  tension.  This  procedure  has  been 
*°llowed  when  maximum  accuracy  has  been  required  in  the 
a^t\iration  of  large  volumes  (50  —  100  cc.)  of  blood. 

The  following  experiment  indicates  that  with  the  apparatus 
^^sed  the  two  methods  for  fixing  initial  tensions  agree  within  their 
•Units  of  error: 

Into  two  tonometers,  in  which  the  pressure  had  been  reduced  to  about 
60mm.,  measured  amounts  of  CO*  were  introduced  from  burette  A  (Fig.  3). 
Air  was  admitted  until  the  pressure  in  the  tonometers  was  brought  to 
atmospheric.  Samples  of  the  gas  mixture  were  then  displaced  from  the 
tonometers  into  a  Haldane  air  analysis  apparatus  and  analyzed  for  COs. 
COt  tensions  calculated  from  the  volume  of  CO*  introduced  (Equation  5) 
and  the  tensions  calculated  from  the  results  of  the  gas  analyses,  respec- 
tively, are  shown  in  Table  III. 
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That  the  final  tension  can  be  set  with  a  similar  degree  of  accuracy 
18  indicated  by  the  constancy  of  the  final  CO2  contents  obtained 
in  the  accompanying  second  paper  of  the  series.  In  the  horse 
blood  used  a  deviation  of  0.7  volume  per  cent  or  0.3  mai.  in  CO2 
content  corresponds  to  a  deviation  of  1  mm.  in  CO*  tension. 

Pormvhs  for  Calculating  pH,  [#+],  pco„  [BHCO*],  and  [ff2COJ 
from  Data  Usually  Obtained  by  Direct  Determination. 

W"e  have  used  certain  rearrangements  of  Henderson's  and 
Hasselbalch's  equations  so  frequently  that  it  appears  desirable, 

table  v. 

Values  of  Constants  for  Formulas  of  Table  IV. 


Water 

^'"Uiacfc  or  plasma 

Blood 

lo  

P^^  cent§  hemoglobin 

+   30  mu.  NaHCOj.  . . . 


a 

0.0587a 

0.1316a 

0.556* 
0.541* 
0.511* 

0.531J 

0.0326 
0.0318 
0.0300 

0.0312 

0.0730 
0.0712 
0.0672 

0.0699 

K' 


t 
7.2  X  10"8 
6.5  X  10"8 

6.5  X  10-« 


pK' 


t 
6.14J 
6. 18* 

6.18J 


,  1905. 

J  ^"ariable  with  NaHCOj  concentration.    See  Hasselbalch,  1917. 

XData  to  be  published.     (K'  and  pK'  determined  on  horse  blood.) 

*   ^^ontaining  hemoglobin  sufficient  to  bind  16  volumes  per  cent  of 

16 


Millimolar  hemoglobin  concentration  = 


2.24 


=  7.15  dim.,  assum- 


^■liat  1  molecule  of  oxygen  combines  with  1  molecule  of  hemoglobin. 


^^•der  to  avoid  subsequent  repetition,  to  record  them  here  in 
,_*Xection  with  the  description  of  technique. 
~*^lie  constants  are   given  in  terms   of  millimolecular  (mM.) 
<^entration,  rather  than  in  volumes  per  cent  of  gas,  for  the 
on  that  comparison  of  concentration  changes   not  only  in 
gen  and  carbon  dioxide,  but  also  in  electrolytes,  such  as 
Glides  and  alkali  protein  compounds,  has  been  necessary  in 
studies  outlined,  and  a  single  unit  of  concentration  that  can 
^*sed  throughout  is  desirable. 
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The  following  symbols  are  used : 

[CO*],  [BHCO»],  [H2COi]  =  millimolecular  concentration  of  total  CO»f 

BHCO*,  and  H2CO»,  respectively. 

a  =  solubility  coefficient  of  CO*  at  38°. 

p  =  tension  of  CO»  in  millimeters  of  mercury. 

[H.CO,] 
K'  =  constant  by  which  the  ratio  rgjTCO  1  mu8^  ^e  multiplied  to  give 

[H+].    Theoretically    K'  =  — where  K    is    the   dissociation 

7 

constant  of  HiCOi,  y  the  fraction  of  BHCOi  dissociated  into 

B+  and  HCO',  (Hasselbalch,  1917). 
pK'  -  -  log  K'  (Hasselbalch,  1917). 

For  the  constants  a,  K',  and  pK',  the  values  in  Table  V  have  been  used. 

In  Formula  2  the  [BHCOj]  is  calculated  by  subtracting  from  the  total 

[COi]  the  [HiCOj],  which  is  calculated  from  the  COi  tension  according  to 

Formula  1. 

[HtCOi] 
Formula  3  is  Henderson's  familiar  [H+]  =  K'  [R„p0  .  with  [HsCOt] 

and  [BHCOa]  calculated  according  to  Formulas  1  and  2. 

Formula  4  is  obtained  by  obvious  rearrangement  of  Formula  3. 

Formula  5  is  obtained  by  solving  Formula  3  or  4  for  p. 

Formula  6  is  obtained  by  substituting  the  value  of  p  from  Formula  5 
for  p  in  Formula  2. 
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STUDIES  OF  GAS  AND  ELECTROLYTE   EQUILIBRIA  IN 

BLOOD. 

H.   THE  REVERSIBILITY  OF  THE  EFFECTS  OF  CHANGES  IN  CO, 

AND  02  TENSIONS  ON  THE  CO,  CONTENT  OF 

DEFIBRINATED  HORSE  BLOOD. 

By  JOHN  P.  PETERS,  GLENN  E.  CULLEN,  and  J.  HAROLD  AUSTIN. 
(From  the  Hospital  of  The  Rockefeller  Institute  for  Medical  Research.) 

(Received  for  publication,  July  12, 1922.) 

Haggard  and  Henderson1  have  stated  that  when  the  CO2 
tension  of  dog  blood,  either  defibrinated  or  oxalated,  has  been 
reduced  to  less  than  about  20  mm.  the  blood  undergoes  an  irre- 
versible, or  at  least  not  readily  reversible,  change  characterized 
by  a  diminution  of  its  CO2  capacity.  When  this  blood  was  again 
brought  into  equilibrium  with  a  gas  mixture  with  a  higher  CO2 
tension  it  took  up  less  C02  than  before  its  exposure  to  the  low 
CO2  tension.  They  found  this  irreversible  change  more  con- 
sistently in  defibrinated  than  in  oxalated  blood. 

Reversibility  of  the  Effect  of  Low  CO2  Tension. — In  order  to 
determine  whether  such  an  irreversible  change  occurred  in  de- 
fibrinated horse  blood  the  following  experiments  were  carried 
out.  Fresh  horse  blood  was  defibrinated  by  stirring  under  oil 
and  was  then  strained  through  gauze  under  oil.  The  blood 
was  divided  into  two  portions.  One  of  these  was  first  exposed 
to  a  low  "tension  of  C02  and  then  saturated  at  60  mm.  C02  ten- 
sion. The  other  was  at  once  saturated  at  60  mm.  C02  tension. 
The  CO2  contents  of  the  two  were  then  compared.  The  "second 
saturation  method"  described  in  the  first  paper  of  these  studies 
was  used.2  The  blood  gases  were  determined  by  the  blood  gas 
apparatus  described  by  Van  Slyke  and  Stadie,8  as  the  constant 
volume  apparatus  was  not  yet  in  use. 

1  Haggard,  H.  W.,  and  Henderson,  Y.,  J.  Biol  Chem.,  1920-21,  xlv,  209. 

*  Austin,  J.  H.,  Cullen,  G.  E.,  Hastings,  A.  B.,  McLean,  F.  C,  Peters, 
J.  P.,  and  Van  Slyke,  D.  D.,  /.  Biol.  Chem.,  1922,  liv,  121. 

*  Van  Slyke,  D.  D.,  and  Stadie,  W.  C,  /.  Biol.  Chem.,  1921,  xlix,  1. 
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The  first  portion  was  exposed  at  38°  in  a  tonometer  which  had 
been  filled  with  air  free  from  CO2.  The  final  CO*  tension  in  this 
tonometer,  due  to  CO2  evolved  from  the  blood,  was  calculated 
to  be  15  ±  2  mm.  This  tension  was  further  confirmed  by  the 
location  of  the  C02  content  of  the  blood  from  this  tonometer  on 
the  CO2  absorption  curve  of  the  blood.  The  blood  was  then 
passed  through  a  series  of  three  tonometers  at  38°.  Into  the 
first  was  introduced  enough  C02  to  produce  a  CO*  tension  of 
60  mm.  at  38°  after  allowance  had  been  made  for  the  CO*  which 
would  be  taken  up  by  the  blood.  Into  the  two  succeeding  tonom- 
eters was  introduced  the  exact  amount  of  CO*  required  to  give 
a  tension  of  60  mm.,  assuming  no  further  removal  of  COi  by  the 
blood.  The  blood  was  analyzed  for  CO*  after  exposure  in  each 
of  the  last  two  tonometers. 

The  second  portion  of  blood  was  also  passed  through  a  series 
of  four  tonometers  at  38°  for  the  same  periods  of  time.  Into  each 
of  these  tonometers  was  introduced  the  amount  of  COi  required 
to  give  a  tension  of  60  mm.  at  38°.  (The  CO*  placed  in  the  first 
tonometer  was  corrected  for  the  C02  which  it  was  estimated 
the  blood  would  absorb.)  The  blood  from  the  last  two  tonometers 
was  analyzed  for  CO2. 

The  above  experiment  was  duplicated  on  a  different  sample 
of  blood  from  the  same  horse.  The  results  of  the  two  experi- 
ments are  given  in  Tables  I  and  II. 

Reversibility  of  the  Effect  of  Low  Oxygen  Tension. — Blood  was 
withdrawn  under  albolene  from  the  jugular  vein  of  a  horse,  de- 
fibrinated  by  gentle  stirring  with  a  glass  rod,  and  filtered  through 
gauze,  under  a  layer  of  albolene.  It  was  divided  into  two  por- 
tions (Nos.  1  and  2)  of  50  cc.  each.  One  of  these  (No.  2)  was 
exposed  in  a  tonometer  at  38°C.  to  40  mm.  of  CO2  in  commercial 
nitrogen  (No.  2  a),  and  then  transferred  to  a  second  tonometer 
and  exposed  to  a  mixture  of  40  nun.  of  CO2  and  13  mm.  of  oxy- 
gen in  commercial  nitrogen.  A  sample  was  then  removed  and 
analyzed  for  C02  and  oxygen  (No.  2  b).  The  remainder  was 
transferred  successively  to  three  more  tonometers  (Nos.  2  c,  2  d, 
and  2  e)  in  each  of  which  it  was  exposed  to  40  mm.  of  COi  in 
air.  (In  making  up  the  gas  mixtures  in  tonometers  2  a  and  2  <* 
an  allowance  was  made  for  the  change  of  CO2  and  oxygen  con- 
tent in  the  blood.)  Samples  were  removed  from  Nos.  2  d  and  2  e 
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aad  analyzed  for  CO*.    The  amount  of  CO2  in  both  was  identical, 
demonstrating   that    complete    gaseous   equilibrium    had    been 
established. 


table  1. 


Saturation. 

Exposed  to  low  COj  tension. 

Not  exposed  to  low  COt  tension. 

COt  tension. 

COt  content. 

COt  tension. 

COt  content. 

J"lX8t 

tntn. 

15* 
60* 
60 
60 

vol.  per  cent 

33.0 

53.7 
53.7 

tntn, 

60* 
60 
60 
60 

vol.  per  cent 

Second 

Tliird 

54.4 

Fourth 

54.45 

*  Approximate. 


TABLE  II. 

Saturation. 

Exposed  to  low  COt  tension. 

Not  exposed  to  low  COa  tension. 

COt  tension. 

COt  content. 

COt  tension. 

COt  content. 

first 

ffifii. 

15* 
60* 
60 
60 

vol.  per  cent 
53.1 

53.8 

ffiffi. 

60* 
60 
60 
60 

vol.  per  cent 

Second... 

Third 

53.8 

fourth              .   ...... 

53.5 

Approximate. 


TABLE  III. 


**< 


^    *> 


Treatment  of  blood. 


Exposed  in  four  successive  tonometers  to  40 
mm.  of  COt  in  air. 

Exposed  in  two  successive  tonometers  to  40 
mm.  of  COi  and  13  mm.  of  Oa. 

Same  blood  exposed  in  two  more  successive 
tonometers  to  40  mm.  of  CO*  in  air. 


CO, 

content. 


vol.  per  cent 


48.3 


51.7 


48.1 


Ot  content. 


vol.  per  cent 

14.8 

5.1 

14.8 


^anwhile  the  other  specimen  (No.  1)  had  been  passed  through 
Same  number  of  tonometers,  in  each  of  which  it  had  been 
P^     *Sed  to  40  mm.  of  CO2  in  air.     Analysis  of  the  last  specimen 
^     °-  1  e)  for  COj  and  O2  gave  results  identical  with  those  obtained 
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from  specimen  No.  2  e,  which  had  first  been  exposed  to  CO*  in 
nitrogen.    Similar  results  have  been  obtained  in  other  experiments. 

It  is  evident  from  these  experiments  that  the  reduction  of  the 
CO2  tension  of  defibrinated  horse  blood  to  as  little  as  15  mm. 
produces  no  irreversible  change  in  the  carbon  dioxide  capacity 
of  the  blood.  There  appears  to  be  no  doubt  of  the  reversibility 
of  the  reactions  between  15  and  60  mm.  of  CO*  tension.  It  seems 
likely,  as  Evans4  suggests,  that  the  irreversible  fall  in  CO2  capacity, 
observed  by  Haggard  and  Henderson1  was  due  to  the  formation 
of  acid  in  the  blood.  This  acid  formation  is  very  rapid  in  dog 
blood2  and  is  accelerated,  according  to  Evans,  by  reduction  of 
CO*  tension  (increase  of  pH). 

Our  results  further  indicate  that  the  effect  of  reduced  oxy- 
gen tension  on  the  CO*  capacity  of  blood  is  'entirely  reversible. 

« Evans.  C.  L.,  J.  Physiol,  1922.  lvi.  146. 
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A  SYSTEM  OF  BLOOD  ANALYSIS. 

Supplement   IV. 

A  REVISION  OP  THE  METHOD  FOR  DETERMINING  URIC  ACID. 

By  OTTO  FOLIN. 
(From  the  Biochemical  Laboratory  of  Harvard  Medical  School,  Bostor 

(Received  for  publication,  July  25,  1922.) 
Protein  Precipitation  versus  Loss  of  Uric  Acid. 

In  two  recent  papers  Pucher1  reports  that  only  75  per  cent 
the  uric  acid  added  to  sheep  blood  is  recovered  in  the  tungst 
acid  blood  filtrate  prepared  according  to  the  directions  of  Fol 
and  Wu.    By  using  an  alternative  process,  described  but  n< 
recommended  by  Folin  and  Wu,  Pucher's  recovery  of  uricac 
rose  to  93  per  cent.    The  alternative  process  consists  of  heatii 
the  blood  paste,  obtained  in  the  regular  process  of  precipitatio 
ifl  boiling  water  for  a  few  minutes  before  filtering. 
It  is  scarcely  necessary  to  go  into  a  full  discussion  of  the  obje 
**ons  to  the  heat  process  for  securing  protein-free  blood  filtrate 
^°r  all  will  doubtless  agree  that  if  it  is  not  essential  it  is  better  n< 
fcc>   Use  it.     Neither  creatinine  nor  the  amino-acid  nitrogen  can  1 
^0r"*ectly  determined  in  heated  blood  filtrates.    Such  filtrates  ab 
tain  more  of  the  material  (other  than  uric  acid)  capable  < 
ling  a  color  with  the  uric  acid  reagent. 
In  the  original  paper  on  the  tungstic  acid  method  for  precip 
•ing  the  blood  proteins  it  is  stated  that  10  or  even  20  mg.  < 
led  uric  acid  are  quantitatively  recovered  from  the  bloc 
»*utes  obtained  in  that  process.     That  statement  was  based  c 
Ful  check  work  made  by  Dr.  Wu  and  myself,  both  togeth* 
separately.    I  had,  therefore,  little  reason  to  believe  that  tl 
___  reported  by  Pucher  could  represent  anything  but  son 
^^^^uitable  condition  present  in  his  experiments.    The  sodiui 

*  Pucher,  G.  W.,  J.  Biol.  Chem.,  1922,  lii,  317,  329. 
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tungstate  which  he  used  might  not  have  been  the  true  ortt^0" 
tungstate,  or  he  might  not  have  used  proper  precautions  in 
final  step,  the  addition  of  the  sulfuric  acid.  Pucher  states,  to 
sure,  that  he  carefully  followed  the  directions  given  by  Folin  ai 
Wu  in  the  making  of  his  precipitations.  But  from  the  descripti< 
given  in  his  second  paper  (p.  332)  it  would  appear  that  he  has  par 
little  or  no  attention  to  one  important  point;  namely,  the  shaking* 
of  the  diluted  blood  tungstate  mixture  while  adding  the  sulfurr-** 
acid.  The  subsequent  vigorous  shaking,  which  he  emphasizes  - 
cannot  liberate  adsorbed  or  occluded  uric  acid.  I  must  admit  it  ^ 
the  light  of  my  present  experience  that  Folin  and  Wu  did  not  ade^^ 
quately  emphasize  the  importance  of  constant  shaking  while  tl»* 
sulfuric  acid  is  added;  but  it  is  obvious  that  unless  this  is  attendee^ 
to,  local  zones  of  excessive  acidity  will  be  produced.  Suclct 
temporary  excess  of  acid,  particularly  if  the  tungstate  is  not  the^ 
best,  may  be  more  disastrous  than  is  the  addition  of  too  much  aci< 
at  the  finish. 

Notwithstanding  my  certainty  that  added  uric  acid  had  been 
quantitatively  recovered  by  Wu  and  myself,  it  seemed  best  to 
repeat  the  work.  In  this  check  work  I  have  encountered  some 
surprising  results.  Different  samples  of  sheep  blood  exhibit 
great  differences  in  their  tendency  to  retain  added  uric  acid  in  the 
precipitated  proteins.  The  same  blood  when  kept  5  to  6  days  in 
a  cold  room  (4°C.)  does  not  remain  stationary  in  its  tendency  to 
hold  back  added  uric  acid.  It  will  usually  lose  this  tendency  on 
standing,  but  in  at  least  one  sample  of  sheep  blood  from  which  I 
recovered  97  per  cent  when  fresh  I  could  get  only  92  per  cent  re- 
covery 5  days  later.  I  have  examined  twenty-two  different 
samples  of  sheep  blood,  and  three  samples  of  calf  blood.  From 
each  of  the  latter  I  recovered  93  per  cent,  when  10  mg.  were  added. 

On  the  basis  of  the  numerous  experiments  which  I  have  now 
made  I  am  no  longer  prepared  to  say  that  95  to  100  per  cent 
recovery  of  added  uric  acid  is  always  attainable.  Our  earlier 
findings  on  this  point  must  be  due  to  the  fact  that  we  happened  to 
deal  with  samples  of  blood  that  did  not  possess  any  great  tendency 
to  retain  uric  acid.  The  behavior  of  different  samples  of  sheep 
blood  with  respect  to  their  ability  to  retain  uric  acid  is  quite 
extraordinary.  With  some  samples  there  is  absolutely  no  loss, 
while  with  others  I  have  not  been  able  so  to  make  the  precipitation 
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»t  the  ordinary  1  in  10  dilution  as  to  be  sure  of  more  than  90  per 
cent  recovery.  The  heat  process  recommended  by  Pucher  is  also 
Quite  inadequate;  with  some  bloods  it  gives  lower  values  than  are 
obtained  without  heating.  The  maximum  recovery  (from  90  to 
X00  per  cent,  depending  on  the  sample  of  blood),  is  obtained  as 
follows: 

After  the  blood  has  been  diluted  with  7  volumes  of  water  and 

1  volume  of  10  per  cent  sodium  tungstate,  add  very  slowly  (drop 

t>y  drop)  with  constant  shaking  four-fifths  of  the  required  \  n 

s\d£\mc  acid — that  is  4  cc.  for  5  cc.  of  blood,  or  8  cc.  for  10  cc.  of 

felood — and  let  the  mixture  stand  for  20  to  30  minutes  before 

adding  the  remaining  one-fifth  of  the  sulfuric  acid.    The  last 

Pox-lion  of  acid  must  also  be  added  drop  by  drop  with  continuous 


The  extra  loss  which  may  be  encountered  by  adding  all  the 
r,e<l\iired  sulfuric  acid  at  once,  if  the  addition  is  made  slowly  and 
shaking,  is  only  about  3  per  cent. 
That  losses  of  8  to  10  per  cent  of  uric  acid  may  occur  during 
precipitation  of  the  proteins  from  whole  blood  must  be  ac- 
°eI>ted  for  the  present.  I  must  have  made  at  least  200  experiments 
ing  to  recover  the  last  8  to  10  per  cent  of  the  added  10  mg.  of 
acid  from  bloods  which  showed  a  strong  tendency  to  retain  it. 
problem  is  intrinsically  interesting,  because  different  bloods 
ive  so  differently.  Practically  it  is  of  comparatively  little 
ttt^portance.  When  very  much  uric  acid  is  present,  as  in  nephritic 
te*fcentions,  it  is  advantageous  to  make  the  protein  precipitation  at 
*  ciilution  of  1  in  20,  instead  of  the  customary  1  in  10,  and  at  this 
lister  degree  of  dilution  the  uric  acid,  up  to  at  least  20  mg.,  is 
quantitatively  recovered.  When  working  with  plasma  there  is 
bo  retention  or  loss  of  uric  acid. 

For  the  investigation  of  the  extent  to  which  uric  acid  added  to 

aheep  blood  goes  into  the  filtrate  I  have  used  the  direct  determina- 

won  described  on  page  167.    All  possibility  of  error  due  to  \m- 

toown  constituents  of  the  blood  was  eliminated  by  adding  to  the 

^dard  uric  acid  solution  the  same  quantity  of  the  sheep  blood 

n/o^.'te  as  was  used  for  the  determination.    The  filtrate  added  to 

e  ^ti^ndard  was  prepared  from  the  same  blood,  but  contained  no 

**feci  uric  acid. 
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The  Preparation  of  Standard  Uric  Acid  Solutions. 

The  determination  of  uric  acid  described2  in  the  "System 
blood  analysis"  was  adapted  to  the  use  of  a  new  standard  solution* 
of  uric  acid — the  sulfite  standard.     It  was  thought  that  the  finding 
of  this  very  stable  standard  would  more  than  make  up  for  th*J 
fact  that  the  intensifying  effects  of  the  cyanide  on  the  color  ol 
tained  had  to  be  sacrificed.    I  have  had  several  lots  of  the  sulfite) 
standard  keep  for  more  than  2  years,  although  reports  receivec>- 
from  different  laboratories  show  that  such  keeping  quality  is  byf 
no  means  always  obtained.    Results  reported  by  Pucher  indicated 
that  bacterial  decompositon  may  come  in,  a  possibility  which  we^" 
had  omitted  to  provide  for,  because  it  was  thought  that  10  per  cent  3" 
sodium  sulfite  would  prove  an  adequate  preservative.    The  addi-  — 
tion  of  preservatives,  such  as  chloroform  or  toluene,  to  standard    ^ 
solutions  is  not  entirely  satisfactory,  because  pipettes  never  run 
clean   with  such  solutions.     It  is  not  worth  while  to   discuss 
how  to  insure  the  keeping  quality  of  the  sulfite  standard  because 
from  recent  publications  (Morris,  Palmer,  Benedict)  it  is  clear 
that  many  workers  will  not  forego  the  advantages  of  the  cyanide 
for  the  sake  of  a  permanent  uric  acid  standard.    To  clinical 
laboratories  the  keeping  quality  of  standard  solutions  "is  of  much 
greater  importance  than  the  investigators  mentioned  seem   to 
realize,  and  if  I  in  this  paper  discard  the  sulfite  standard,  it  is 
only  because  I  believe  that  I  have  found  another,  even  more 
dependable  solution  of  uric  acid,  which  is  free  from  the  objections 
raised  against  the  sulfite  solution. 

The  standard  solution  of  uric  acid  described  below  is  not  new; 
it  was  used  in  this  laboratory  10  years  ago  and  was  described 
in  1913.3  The  uric  acid-preserving  factor  is  formaldehyde. 
Formaldehyde  forms  very  soluble  addition  products  with  uric 
acid.  These  addition  products  are  not  decomposed  when  the 
solutions  are  acidified.  I  once  kept  such  a  solution  on  a  warm 
radiator  for  3  months  and  could  detect  no  change.  No  other 
kind  of  uric  acid  solution  could  withstand  such  treatment,  and  it 
was  thought  that  a  really  permanent  standard  solution  of  uric 
acid  had  been  found.    At  a  later  period  when  I  started  to  use  the 

1  Folin,  O.,  and  Wu,  H.,  /.  Biol.  Chem.,  1919,  xxxviii,  100. 
»  Folin,  O.,  and  Denis,  W.,  J.  Biol.  Chem.,  1913,  xiv,  96. 
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W        ^*odard  it  was  nevertheless  found  to  have  changed.    It  gave 
Xtoore  color  than  it  did  when  originally  standardized. 
At  that  time  we  were  more  interested  in  other  problems,  and  the 
*sause  of  the  change  in  the  uric  acid  solutions  was  never  investi- 
gated; the  standard  was  simply  abandoned.    In  making  use  of 
"these  formaldehyde  solutions  of  uric  acid  we  had  adapted  the 
formaldehyde  standard  to  the  uric  acid  method,  as  it  was  then 
employed,   and   neglected   to   investigate   the   behavior  of  the 
standard  when  diluted  with  water.    From  5  mg.  of  uric  acid  we 
obtained  only  as  much  color  as  is  given  by  1  mg.  of  free  uric  acid, 
and  accurate  results  were  obtained  only  because  the  reaction  was 
always  made  in  exactly  the  same  way.     In  1915  the  formaldehyde 
standard  was  investigated  and  condemned  by  S.  R.  Benedict.4 
Like  ourselves,  Benedict  found  that  the  formaldehyde-uric  acid 
solutions  suffered  no  deterioration  on  standing,  but  he  also  found 
that  the  color  obtained  was  too  uncertain  to  permit  its  use  as  a 
standard.    Benedict,       like     ourselves,     omitted  to  study  the 
fcxrmaldehyde-uric  acid  solutions  in  any  great  detail  and  the 
intrinsic  merits  of  these  solutions  have  thus  remained  undiscovered. 
Since  the  uric  acid-formaldehyde  combinations  dissociate  into 
fcfca^ir  component  parts  on  diluting  with  water,  it  occurred  to  me 
tk*-»t  the  solutions  had  never  been  used  to  the  best  advantage.    If 
i"fc     should  be  feasible  by  suitable  dilution  to  accomplish  the  com- 
ite  dissociation  of  the  formaldehyde-uric  acid  compounds  so  that 
of  the  uric  acid  present  would  react  with  the  uric  acid  reagent, 
~«n  we  should  have  removed  the  sources  of  uncertainty  attached 
the  solutions  as  originally  employed;   yet  would   retain  the 
markable  keeping  quality  accomplished  by  means  of  formalde- 
de.    The  intensifying  effects  of  the  cyanide  would  be  retained, 
ormaldehyde,  unlike  the  sulfite,  does  not  counteract  the  "  driving 
¥*ower"  of  the  cyanide. 

ft  was  soon  found  that  the  degree  of  dilution  required  to  set 
wee  all  the  uric  acid  comes  well  within  the  dilutions  now  used  for 
standard  uric  acid  solutions  in  connection  with  uric  acid  deter- 
^ttxations  in  mine,  and  for  uric  acid  determinations  in  blood  the 
^andard  solutions  are  still  weaker,  so  that  this  aspect  of  the 
Problem  was  easily  solved.  Uric  acid  can,  however,  form  several 
Edition    products   with   formaldehyde.    Some   of   the  addition 

4  Benedict,  S.  R.,  and  Hitchcock,  E.  H.,  J.  Biol.  Chem.,  1915,  xx,  621. 
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products  may  not  be  so  readily  dissociated  by  dilution  with  water 
and  the  possibility  remained  that  on  very  long  standing  (fo: 
months  or  years)  less  readily  dissociated  compounds  might  b 
formed.  The  speed  and  the  extent  to  which  such  compounds  maj 
be  formed  will  necessarily  depend  on  the  concentration  of  the 
formaldehyde  present  in  the  solutions.  For  practical  purposes  il 
is  therefore  necessary  to  find  out  the  concentrations  of  formal* 
dehyde  which  are  best  suited  for  the  preparation  of  the  standarc 
uric  acid  solutions.  The  solvent  effects  of  formaldehyde  on  uric 
acid  are  exceedingly  strong;  by  the  aid  of  heat  a  40  per  cent  solu 
tion  of  uric  acid  can  be  prepared  with  the  help  of  ordinary  un- 
diluted (40  per  cent)  formaldehyde.  The  germicidal  propertie 
of  formaldehyde  are  also  very  pronounced.  1  part  of  40  per  cenl 
formaldehyde  in  1,000  parts  of  bouillon  is  said  to  prevent  tin 
development  of  putrefactive  bacteria.  There  should,  therefore,  l> 
no  difficulty  about  preparing  stock  solutions  of  uric  acid  so  weal 
in  formaldehyde  that  no  unduly  stable  compounds  with  th< 
formaldehyde  are  produced  on  long  standing. 

On  the  other  hand,  from  the  standpoint  of  possible  chemica 
decomposition  of  the  uric  acid,  it  should  be  advantageous  to  us* 
the  largest  permissible  excess  of  formaldehyde,  because  in  as  fa 
as  there  is  chemical  decomposition  of  uric  acid  this  will  occur  a 
the  expense  of  the  dissociated  material,  and  the  greater  the  con 
centration  of  formaldehyde  the  less  free,  or  reactive  uric  acid  wil 
be  present. 

On  the  1st  of  March  I  prepared  a  series  of  solutions  containinj 
25,  60, 100,  and  200  cc,  respectively,  of  40  per  cent  formaldehyde 
All  contained  1  mg.  of  uric  acid  per  cubic  centimeter  except  tin 
last,  which  contained  2  mg.  per  cubic  centimeter.  The  solutions 
were  kept  in  the  dark  and  in  small  tightly  corked  bottles.  A 
the  end  of  3  months  10  cc.  samples  from  each  lot  were  diluted  to  i 
uric  acid  concentration  of  1  mg.  per  10  cc.  and  the  reactive  uri 
acid  was  immediately  determined  by  comparison  with  a  freshly 
prepared  solution  of  uric  acid.  The  following  colorimetrit 
readings  were  obtained: 


40  per  cent  formaldehyde  per  liter. 
Colorimetric  reading 


Standard. 
20 


cc. 

cc. 

cc. 

25 

50 

100 

20 

20.5 

21.7 

cc. 
200 
22.5 
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The  solutions  were  then  further  diluted  to  a  concentration  of  1  mg. 

of  uric  acid  for  250  cc.  (the  concentration  used  in  blood  analysis) 

and  the   colorimetric   determinations   were   made   immediately 

according  to  the  process  described  on  page  167.    The  colorimetric 

readings  obtained  were  nearly  identical  with  those  recorded  above. 

-45  minutes  later  the  determinations  were  repeated.    This  time 

all  the  dilute  solutions  gave  the  same  color  value  as  the  standard. 

Similar  series  of  determinations  were  made  at  the  end   of  4 

months.    The  values  obtained  were  substantially  identical  with 

fixe  corresponding  values  obtained  a  month  before.    From  these 

data  it  seems  safe  to  draw  the  following  conclusions: 

1.  No  permanently  undissociable  compounds  are  formed  between 
uric  acid  and  formaldehyde. 

2.  In  the  presence  of  more  than  50  cc.  of  40  per  cent  formal- 
dehyde per  liter,  appreciable  amounts  of  addition  products 
between  uric  acid  and  formaldehyde  are  formed — products  which 

are  not  completely  dissociated  when  the  solutions  are  diluted  ten 
times,  that  is,  to  the  uric  acid  concentration  represented  in  the 
standard  uric  acid  solutions  usually  employed  in  urine  analysis. 

3.  At  the  much  greater  dilution  corresponding  to  that  of  the 
standard  in  blood  analysis  all  the  uric  acid-formaldehyde  com- 
pounds are  completely  dissociated  within  45  minutes. 

4.  The  uric  acid  remains  quantitatively  intact  in  formaldehyde 
sohitipns. 

5.  Uric  acid  solutions  made  with  the  help  of  25  to  50  cc.  of  for- 
maldehyde per  liter  are  all  serviceable  for  standard  solutions. 

The  solution  described  by  Folin  and  Denis  in  1913  contained 
*0  cc.  of  formaldehyde  per  liter.  On  the  whole  it  is,  perhaps, 
safest  to  recommend  the  use  of  25  cc.  of  formaldehyde  since  there 
aPpears  to  be  no  danger  of  either  chemical  or  bacterial  decompo- 
sition in  such  solutions;  but  it  is  obvious  that  there  is  room  for 
v*ry  wide  variations,  not  only  with  reference  to  the  formaldehyde 
intent  but  also  in  the  acid  content  of  these  solutions. 

The  directions  given  below  are  made  specific  only  in  the  interest 
°f  those  who  have  not  the  time  to  try  out  other  variations. 

Transfer  exactly  1  gm.  of  uric  acid  to  a  funnel  on  a  300  cc. 
flask.  Transfer  from  0.45  to  0.5  gm.  of  lithium  carbonate  to  a 
300  cc.  beaker,  add  150  cc.  of  water,  and  heat  to  60°  C,  shaking  or 
spring  until  all  the  carbonate  has  dissolved.    With  the  hot 
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carbonate  solution  rinse  the  uric  acid  into  its  flask  and  shak 
The  uric  acid  dissolves  practically  at  once.  As  soon  as  a  clej 
solution  is  obtained,  cool  under  running  water,  with  shakin. 
and  transfer  to  a  volumetric  liter  flask.  Rinse  and  dilute  to 
volume  of  400  to  500  cc.  Add  25  cc.  of  40  per  cent  formaldehyd 
and  after  shaking  to  insure  thorough  mixing,  acidify  by  the  add 
tion  of  3  cc.  of  glacial  acetic  acid,  or  equivalent  quantities  \ 
50  or  25  per  cent  acetic  acid.  Shake,  to  remove  most  of  the  ca 
bonic  acid,  dilute  to  volume,  and  mix.  Fill  up  to  the  neck  a  serii 
of  small  bottles  (100  to  150  cc.)  with  the  stock  solution,  cork  vei 
tightly,  label,  and  keep  in  a  dark  place. 

For  actual  use  the  standard  stock  solution  containing  1  mg.  p 
cc.  is  diluted  250  times.    For  urine  analysis  a  suitable  dilution 
5  cc.  in  50  cc,  having  1  mg.  of  uric  acid  per  10  cc.  of  solution. 

The  keeping  quality  of  the  diluted  standards  is  a  matter  < 
minor  importance,  but  these  solutions  should  keep  at  least  as  lor 
as  any  other  solutions  having  the  same  concentration  of  uric  aci 
Statements  as  to  how  long  such  solutions  will  keep  cannot  be  vei 
dependable.  The  keeping  quality  will  depend  partly  on  the  tec 
perature,  partly  on  the  degree  of  cleanliness.  In  clinical  labor 
tories  solutions  are  more  apt  to  deteriorate  because  of  excessr 
bacterial  infections.  The  dilute  standard  described  on  page  1( 
will  keep  a  long  time. 

Colorimetric  Uric  Acid  Determinations. 

The  uric  acid  reagent  of  Folin  and  Denis  was  described  in  191 
and  has  been  used  ever  since  practically  without  modification  ac 
by  practically  all  who  have  made  uric  acid  determinations.  Th 
reagent  is  also  used  in  other  determinations,  such  as  for  the  assa 
of  adrenalin  solutions,  and  it  has  proved  very  serviceable  for  th 
colorimetric  estimation  of  cystine.  In  1920  the  reagent  wa 
subjected  to  a  thorough  examination;  its  active  ingredients  wer 
isolated  and  identified  by  Wu5  in  the  course  of  his  excellec 
survey  of  the  phosphotungstic  and  phosphomolybdic  acids. 

Wu's  stimulating  paper  has  been  followed  by  a  series  of  attempt 
to  prepare  other  uric  acid  reagents.  A  short  time  ago  ther 
appeared,  almost  simultaneously,  descriptions  of  no  less  tha 

*  Wu,  H.,  J.  Biol.  Chem.,  1920,  xliii,  189. 
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four  new  and  different  uric  acid  reagents — all  recommended  by 
their  authors  as  better,  in  one  respect  or  another,  than  the  uric 
acid  reagent  of  Folin  and  Denis.  One  of  these  new  reagents,  that 
of  Jackson  and  Palmer,6  may  be  described  as  representing  an 
effort  to  purify,  by  dialysis,  the  original  reagent  of  Folin  and  Denis. 
In  trwo  of  the  new  reagents,  that  of  Morris,7  and  one  of  Benedict's,8 
areenic  acid  is  substituted  for  phosphoric  acid,  and  in  the  fourth 
(Benedict's)  a  part  only  of  the  phosphate  is  replaced  by  arsenic. 
There  are,  now  therefore,  five  different  uric  acid  reagents, 
whereas  during  the  past  10  year  period  all  used  the  same  one. 
Nor  is  there  any  reason  to  believe  that  the  list  has  been  exhausted, 
because  many  other  analogous  mixtures  can  undoubtedly  be 
pr&X>ared.  (See,  for  example,  the  mixture  referred  to  on  page  163.) 
Whatever  may  be  the  final  outcome  of  such  a  multiplicity  of  similar 
reagents  f°r  one  specific  purpose,  the  immediate  effect  will 
ne©e8sarily  be  some  uncertainty  and  confusion — particularly 
an^ong  those  interested  only  in  the  clinical  applications  of  the 
msthods  for  blood  analysis.  Without  entering  upon  a  discussion 
°f  the  relative  merits  of  the  different  new  uric  acid  reagents,  I 
believe  that  it  is  well  within  the  truth  to  say  that  uric  acid  in  blood 
°at*  be  determined  as  accurately  and  as  conveniently  by  means  of 
***e  uric  acid  reagent  of  Folin  and  Denis  as  by  any  other  reagent 
^et  described. 

Some  reference  must  necessarily  be  made  to  the  mixed  arsenic- 
*****«sten  reagent  of  Benedict,  because  this  mixture  is  said  to 
^^s^ess  a  special  selective  reaction  with  uric  acid,  a  selective 
^^^ction  not  obtainable  with  the  uric  acid  reagent  of  Folin  and 
*xis.  Because  of  the  extraordinary  " specificity"  of  this 
^■fSpnt,  Benedict  is  now  able  to  obtain  trustworthy  uric  acid 
by  applying  the  color  reaction  directly  to  blood  filtrates 
out  any  preliminary  isolation  of  the  uric  acid. 
If  Benedict's  findings  and  interpretations  were  correct,  this  new 
o  acid  reagent  would  naturally  and  inevitably  take  the  place 
erly  held  by  the  reagent  of  Folin  and  Denis.  Benedict's 
^Ifcnique  involves  other  new  conditions  besides  the  use  of  his  uric 
reagent.   Benedict,  Morris,  and  Palmer  have  all,  seemingly 

"Jackson,  H.,  Jr.,  and  Palmer,  W.  W.,  J.  Biol.  Chem.,  1922,  1,  90. 
Morris,  J.  L.,  and  Macleod,  A.  G.,  J.  Biol.  Chem.,  1922, 1,  60. 
Benedict,  S.  R.,  J.  Biol.  Chem.,  1922,  li,  189,  190. 
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independently,  discovered  the  interesting  fact  that  by  omittiuj 
the  addition  of  any  other  alkali  than  sodium  cyanide  the  intensity-^ 
of  the  color  obtained  from  a  given  quantity  of  uric  acid  is  very"** 
much  increased,  above  that  obtained  with  cyanide  phis  carbonate.  - 
Benedict  has  made  the  additional  important  discovery  that  by  ^ 
the  application  of  heat  (water  bath)  the  color  obtained  is  again   * 
greatly  intensified.     By  the  combination  of  the  right  amount  of 
cyanide  as  the  only  alkali,  and  heat,  Benedict  has  obtained  so 
much  color  that  5  cc.  of  blood  filtrate,  corresponding  to  0.5  cc.  of 
normal  blood,  give  all  the  color  needed  for  an  exact  colorimetric 
comparison. 

The  question  raised  in  my  mind  was  whether  the  results  re- 
ported by  Benedict  were  not  to  be  explained  on  the  basis  of  these 
new  conditions  rather  than  on  the  use  of  a  more  suitable  uric  acid 
*  reagent.  This  conjecture  proved  correct.  The  reagent  of  Folin 
and  Denis  can  be  made  to  yield  a  color  with  blood  filtrates  which 
corresponds  very  closely  to  their  true  uric  acid  content.  To  obtain 
such  remarkable  results  one  needs  only  to  apply,  with  certain 
variations,  the  favorable  conditions  discovered  by  Benedict. 

I  am  not  prepared  to  agree  with  Benedict  that  such  excellent 
results  are  due  wholly  to  the  specificity  of  the  uric  acid  reagents. 
On  the  contrary,  I  am  quite  sure  that  correct  results  are  obtained 
only  by  so  adjusting  the  conditions  that  two  sets  of  errors  balance 
<*ach  other.  For  practical  purposes,  however,  the  explanation  is 
immaterial  so  long  as  dependable  results  are  obtained. 

In  order  to  illustrate  the  great  specificity  of  his  new  uric  acid 
reagent  Benedict  cites  experiments  with  resorcinol.  This  poly- 
phenol gives  v6ry  much  less  color  than  does  an  equal  amount  of 
uric  acid,  and  when  the  reaction  is  made  on  mixtures  of  resorcinol 
and  uric  acid,  the  color  obtained  is  so  much  less  than  the  sum  of 
what  the  two  would  give  separately  that  several  times  as  much 
resorcinol  as  uric  acid  can  be  present  before  there  is  any  material 
increase  in  color  above  that  given  by  the  uric  acid  alone.  Bene- 
dict has  evidently  not  made  any  analogous  experiments  with  the 
uric  acid  reagent  of  Folin  and  Denis,  for  if  he  had  done  so  he 
could  not  have  failed  to  find  that  his  reagent  gives  several  times  as 
much  color  with  resorcinol  as  is  obtained  with  the  reagent  of 
Folin  and  Denis.  When  applied  to  mixtures  of  uric  acid  and 
resorcinol  the  latter  reagent  produces  less  color  than  is  obtained 
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from  the  uric  acid  alone.  In  the  presence  of  five  times  as  much 
resorcinol  as  uric  acid  the  loss  in  color  amounts  to  about  10  per 
cent. 

The  effect  of  resorcinol  on  the  uric  acid  reaction  is  evidently 
opposite  to  that  produced  by  cyanide.    This  effect  is  of  the  same 
■der  with  the  two  uric  acid  reagents,  but  in  the  case  of  Benedict's 
agent  the  loss  in  color  f  torn  the  uric  acid  is  more  than  counter- 
balanced by  the  color  obtained  from  the  resorcinol  and  the  total 
oolor  is  therefore  greater  than  that  given  by  the  uric  acid  alone. 
By  using  suitable  mixtures  of  the  two  reagents  (3  volumes  of 
le  Folin-Denis  reagent  to  1  volume  of  Benedict's)  the  two  effects 
resorcinol  can  be  made  to  balance  each  other  exactly.    With 
43.5  cc.  of  this  mixture  plus  1  cc.  of  15  per  cent  sodium  cyanide, 
?sorcinol,  up  to  ten  times  the  amount  of  uric  acid  present,  has 
effect  on  the  color  produced. 

While  blood  filtrates  undoubtedly  contain  traces  of  resorcinol 

iey  also  contain  many  other  products  capable  of  interfering  with 

t:tie  reaction  by  which  the  uric  acid  is  determined.     While  working 

^ith  the  filtrates  from  sheep  blood  I  examined  this  aspect  of  the 

x*ric  acid  determination.    Sheep  blood  usually  contains  less  than 

0.1  mg.  of  uric  acid  per  100  cc.    Sheep  bloods  also  contain  large 

a-nd  very  variable  amounts  of  products  capable  of  interfering  with 

the  uric  acid  reaction.    If  a  truly  specific  uric  acid  reagent  were 

Mailable  it  should  be  capable  of  giving  the  correct  value  for  the 

uric  acid  added  directly  to  sheep  blood  filtrates.   At  one  period  it 

8eemed  as  though  the  uric  acid  reagent  of  Folin  and  Denis  were 

^Ual  to  this  situation.    Very  satisfactory  results  were  obtained 

^th  two  or  three  samples  of  sheep  blood  filtrate.    Later,  however, 

the  elusive  character  of  the  results  became  clear,  for  when  other 

8heep  blood  filtrates  were  tried  (positive)  errors  up  to  20  or  even 

30  per  cent  were  found.    Nor  did  Benedict's  reagent  give  better 

results.     If  the  direct  determination  of  uric  acid  in  filtrates  from 

human  blood,  whether  by  Benedict's  reagent  or  by  the  reagent  of 

Folin  and  Denis,  gives  dependable  results,  it  is  only  because  these 

filtrates  contain  much  less  of  the  interfering  materials  than  do 

sheep  blood  filtrates.      This  being  the  case,  it  is,  I  think,  quite 

necessary  to  retain  at  least  for  check  purposes,  the  preliminary 

isolation  process  outlined  by  Folin  and  Wu.     In  the  course  of  my 

efforts  to  determine  directly  the  uric  acid  added  to  sheep  blood 

filtrates  some  interesting  and  valuable  information  was  gained. 
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It  was  found  that  to  get  the  maximum  color  from  a  given  quan- 
tity of  uric  acid  and  the  widest  range  of  proportionality  for 
different  amounts,  it  is  necessary  to  increase  the  amounts  of  uric 
acid  reagent  and  of  cyanide  up  to  a  point  where  it  is  very  difficult 
to  avoid  the  formation  of  precipitates.  Benedict  encountered 
the  same  difficulty,  and  to  meet  it  recommends  that  sodium 
oxalate  be  substituted  for  potassium  oxalate  to  prevent  the 
clotting  of  blood.  Sodium  oxalate  dissolves  very  slowly  in 
either  cold  or  hot  water.  It  dissolves  only  to  the  extent  of  about 
3  per  cent.  Sodium  oxalate  is,  therefore,  not  very  suitable, 
lithium  oxalate  is  better.  This  salt  has  about  twice  the  solu- 
bility of  sodium  oxalate. 

Lithium  oxalate  is  easily  prepared :  To  50  gm.  of  lithium  carbon- 
ate in  a  2  liter  beaker  add  85  gm.  of  oxalic  acid.  To  the  mixture 
add  1  liter  of  hot  water.  Stir  cautiously.  Complete  solution  is 
obtained  practically  as  soon  as  the  carbonic  acid  has  passed  off. 
Evaporate  to  dryness  and  powder.  1  mg.  of  lithium  oxalate  is 
equivalent  to  2  mg.  of  potassium  oxalate,  and  1  mg.  of  lithium 
oxalate  per  cc.  of  blood  is,  therefore,  quite  enough  for  the  pre- 
vention of  clotting. 

Potassium  salts  are  by  far  the  most  serious  cause  of  precipitate 
formation  in  the  colorimetric  uric  acid  determination.  But 
sodium  salts,  particularly  in  the  form  of  cyanide,  are  also  very 
apt  to  produce  precipitates  when  present  in  too  large  amounts. 
Lithium  salts  differ  from  both.  Lithium  salts,  in  excess,  tend  to 
produce  precipitates  at  higher  temperatures,  while  at  room 
temperatures  they  have  the  opposite  effect.  They  actually 
prevent  the  formation  of  sodium  or  potassium  precipitates  at 
ordinary  room  temperatures.  I,  therefore,  recommend  the  use 
of  lithium  oxalate  to  prevent  the  clotting  of  blood  and  the  use  of 
some  other  lithium  salt  (sulfate,  chloride,  or  citrate)  as  an 
additional  reagent  in  the  making  of  colorimetric  uric  acid 
determinations. 

While  an  excess  of  lithium  oxalate  does  no  harm  in  connection 
with  the  uric  acid  determination,  the  indiscriminate  addition  of 
any  oxalate  (or  citrate)  to  blood  to  prevent  clotting  is  undesirable, 
because  a  large  excess  interferes  with  the  protein  precipitation  and 
also  complicates  the  urea  determination.  When  much  oxalate  is 
present  the  blood  nitrate  must  have  an  excess  of  acid  added,  and 
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this  extra  acid  stays  in  the  filtrate  in  the  form  of  free  oxalic  acid. 
Lithium  oxalate  (or  potassium  oxalate)  for  the  prevention  of  blood 
dotting  is  most  conveniently  used  in  the  form  of  oxalated  paper  or 
cloth.  The  cloth  is  better  than  the  paper  because  the  latter  is 
apt  to  break  up  into  fibers  which  clog  the  blood  pipette. 

To  prepare  oxalated  cloth  proceed  as  follows :  Cut  up  about  75 
to  80  gm.  of  bird's  eye  cotton  cloth,  free  from  starch,  into  strips 
about  10  cm.  wide  and  40  to  50  cm.  long.  Transfer  10  gm.  of 
lithium  carbonate  and  17  gm.  of  oxalic  acid  to  a  liter  beaker. 
Add  240  cc.  of  hot  water  (75°  C).  Complete  solution  is  obtained 
in  a  few  seconds.  Transfer  the  warm  solution  to  a  plate;  pass  the 
cotton  strips  through  it,  and  hang  up  on  a  string  to  dry — exactly 
as  in  the  making  of  litmus  paper.  The  cloth,  when  dry,  will  carry 
about  20  per  cent  of  lithium  oxalate.  50  mg.  of  such  cloth  will 
easily  prevent  the  clotting  of  15  or  even  20  cc.  of  blood.  If  desired, 
the  oxalate  content  can  be  doubled  by  repeating  the  process. 

The  direct  determination  of  uric  acid  in  the  blood  filtrates  from 
toe  tungstic  acid  precipitation  described  below  will  be  found  to 

#Ve  results  which  I  believe  to  be  dependable  when  applied  to 

human  blood.    The  values  obtained  are  usually  0.1  or  0.2  mg. 

above  those  obtained  by  the  silver  precipitation  and  sodium 

chloride  extraction. 

Solutions. 

1  -  Diluted  uric  acid  standard  containing  0.02  mg.  of  uric  acid 
in    S  cc. 


Tom  the  standard  uric  acid-formaldehyde  solution,  containing 

*  rt*g.  per  cc,  transfer,  with  an  Ostwald  pipette,  1  cc.  to  a  250  cc. 

vc*lvimetric  flask.    Half  fill  the  flask  with  water,  and  add  10  cc. 

°*       the  \  N  sulfuric   acid  used  in  blood   protein  precipitation. 

.^d  also  1  cc.  of  40  per  cent  formaldehyde  (but  no  more)  and  then 

*Vate  to  volume,  mix,  and  date. 

X  hesitate  about  making  any  definite  statement  as  to  how  long 
^^se  diluted  solutions  will  keep.  In  the  course  of  5  weeks  of 
°c^^iasional  use  of  one  such  solution  I  have  found  no  deterioration 
w**>atever. 

2.  Uric  acid  reagent  of  Folin  and  Denis. 

3.  Lithium  sulfate   solution.     Dissolve   20  gm.   of   powdered 
1  Allium  sulfate  (Baker  and  Adamson's)  in  about  80  cc.  of  cold 
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water.    Dilute  to  a  volume  of  100  cc.  and  filter  from  the  alight 
amount  of  insoluble  matter  present. 

4.  Approximately  15  per  cent  solution  of  sodium  cyanide  in 
0.1  n  sodium  hydroxide. 

Cyanide  solutions  may  be  said  to  improve  with  age,  and  it  is 
therefore  advisable  to  prepare  enough  for  at  least  3  months  use. 
The  solid  sodium  cyanide  should  be  white.  Old  weathered 
samples  of  cyanide  which  have  been  decomposed  by  the  carbon 
dioxide  of  air  cannot  be  used.  Weigh  out  on  a  paper  from  100 
to  450  gm.  of  the  cyanide.  Transfer  to  a  large  beaker,  add  6.7  cc. 
of  0.1  n  sodium  hydro»de  for  each  gram  of  cyanide  taken,  stir  oc- 
casionally until  the  whole  has  dissolved.  The  solution  is  opales- 
cent due  to  the  presence  of  a  little  insoluble  matter.  Transfer  to 
a  bottle,  label,  and  let  stand  for  2  weeks  or  longer  before  using. 

Some  explanations  are  necessary  concerning  the  preparation 
and  behavior  of  sodium  cyanide  solutions. 

Cyanide  solutions  turn  yellow  in  the  course  of  time  (2  to 
3  weeks).  This  discoloration  is  faster  in  concentrated  than  in 
dilute  solutions.  It  is  prevented  by  free  exposure  to  the  air. 
Aqueous  cyanide  solutions  kept  in  beakers  covered  with  watch- 
glasses  remain  colorless.  The  formation  of  the  brown  substance 
("azulonic  acid")  is  also  prevented  by  the  addition  of  a  little 
alkali.  This  decomposition,  with  discoloration,  of  the  cyanide 
solution  is  of  little  or  no  importance  in  connection  with  uric  acid 
determinations,  but  it  seems  best  to  prevent  it  since  its  prevention 
is  so  easily  accomplished.  The  use  of  0.1  n,  or  even  0.05  n,  sodium 
hydroxide  instead  of  water  furnishes  ample  protection  against  this 
decomposition. 

The  important  point  to  be  noted  about  cyanide  solutions  is  not 
the  decomposition  products  formed  on  standing,  so  much  as  the 
presence  of  impurities  in  the  original  material.  Practically  all 
freshly  prepared  cyanide  solutions  contain  notable  quantities  of 
reducing  substances,  which  give  a  blue  color  with  the  uric  acid 
reagent.  Different  brands  of  sodium  cyanide  contain  different 
amounts  of  the  impurities  which  yield  a  blue  color.  The  label, 
or  the  cost,  of  a  given  brand  is  no  criterion  whatever  as  to  the 
amount  of  color  obtained  from  its  fresh  solutions.  The  best  grades 
of  sodium  cyanide  should  nevertheless  be  used,  because  of  their 
much  smaller  tendency  to  produce  precipitates. 
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One  qualification  must  be  added  to  the  statement  made  above 

to  the  effect  that  the  cyanide  solutions  improve  with  age.    The 

ammoniacal  decomposition  of  the  cyanide  sooner  or  later  destroys 

its  efficiency.     Strongly  ammoniacal  solutions  do  not  yield  the 

maximum  color  and  show  a  greater  tendency  to  produce  turbidity. 

The  accumulation  of  ammonia  can  be  retarded  by  covering  the 

container  with  a  beaker  instead  of  stoppering  with  a  cork.    The 

ammoniacal  solutions  can  be  restored  to  substantially  their  original 

value  by  boiling  off  the  ammonia  and  then  diluting  to  the  original 

volume. 

The  blue  color  obtained  from  the  cyanide  and  the  uric  acid 
reagent  alone  is  much  increased  by  the  application  of  heat,  and  is 
much  greater  if  heat  (water  bath)  is  applied  at  once  than  if  the 
reaction  is  allowed  to  proceed  for  2  to  3  minutes  at  room  tempera- 
tures before  heating.    The  reducing  impurities  in  the  cyanide 
solutions  diminish  spontaneously,  at  first  rapidly,  then  more  and 
more  slowly,  and  many  weeks  must  elapse  before  they  are  entirely 
gone.     In  2  to  3  weeks  the  impurities  have  diminished  to  such  an 
extent  that  practically  no  color  is  obtained  in  the  cold,  and  the 
color  produced  on  heating,  after  standing  for  2  minutes  at  room 
temperatures,  is  so  small  as  not  to  interfere  with  the  uric  acid 
determination. 

The  test  for  the  blank  due  to  impurities  in  the  cyanide,  is  made 
*s     follows:  Transfer  5  cc.  of  water,  2  drops  of  lithium  sulfate 
^Ivition,  and  2  cc.  of  the  15  per  cent  cyanide  solution  to  a  test- 
fo*fc*e.    Add  1  cc.  of  the  uric  acid  reagent,  let  stand  for  2  minutes. 
**kfcc  solution  should  remain  colorless.    Heat  in  boiling  water  for 
1-«S   minutes  and  cool;  some  color  is  obtained.    To  determine 
^kfc^ther  this  color  does  or  does  not  materially  affect  the  uric  acid 
v^-lues  obtained  in   actual   determinations,  repeat  the  test  de- 
^^"ibed — with  two  graduated  test-tubes  and  with  standard  uric 
a*^id  solution — 5cc.  in  one,  and  3cc.  plus  2cc.  of  water,  in  the  other, 
dilute  to  volume  after  heating  and  compare  the  colors.    If  the 
c3^»iide  is  perfectly  good,  the  weaker  solution  will  give  the  theo- 
retical reading,  33.5  mm.,  when  the  stronger  is  set  at  20  mm. 

The  Uric  Acid  Determination. — Half  fill  a  wide  liter  beaker  with 

w^ter  and  heat  to  boiling.     Transfer  5  cc.  of  the  blood  filtrate 

fr-a^d  2  cc.  of  water  to  one  test-tube  graduated  at  the  25  cc.  mark, 

^*xd  transfer  5  cc.  of  the  standard  uric  acid  solution  and  2  cc.  of 
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water  to  another  similar  test-tube.  Add  2  or  3  drops  of  20  per  cent 
lithium  sulfate  solution  to  each.  From  a  burette  add  2  cc.  of  the 
15  per  cent  sodium  cyanide  solution.  By  means  of  a  5  cc.  blood 
pipette,9  or  other  graduated  pipette,  add  1  cc.  of  the  uric  acid 
reagent  of  Folin  and  Denis  to  each  test-tube.  Mix,  and  let  stand 
for  2  minutes.  At  the  end  of  2  minutes  transfer  both  test-tubes 
to  the  boiling  water  and  leave  them  there  for  80  seconds.  Cool, 
dilute  to  volume,  and  make  the  color  comparison  in  the  usual 
manner,  not  omitting  first  to  read  the  standard  against  itself. 
When  the  standard  is  set  at  20  mm.  20  divided  by  the  reading  of 
the  unknown,  times  4,  gives  the  uric  acid  content  in  milligrams 
per  100  cc.  of  blood.  The  proportionality  of  the  color  obtained  is 
in  this  case  so  good,  if  the  cyanide  is  right,  that  readings  between 
10  and  40  mm.,  covering  a  range  of  from  2  to  8  mg.,  are  dependable. 

It  will  be  noted  that  the  heating  period  is  given  in  terms  of 
seconds.  The  reason  for  this  limitation  is  the  greater  tendency 
to  get  precipitates  from  prolonged  heating,  a  tendency  which  is 
further  increased  by  the  evaporation  within  the  tube,  whereby  a 
faint  ring  of  precipitate  is  necessarily  formed  at  the  surface  of 
the  liquid.  Heating  for  60  seconds  in  boiling  water  is  sufficient 
to  give  the  maximum  color.  There  is,  therefore,  no  object  in 
heating  longer  than  the  time  prescribed. 

It  is  obvious  that  the  lithium  sulfate  and  the  sodium  cyanide 
might  be  combined  into  one  solution.  I  have  refrained  from 
prescribing  such  a  combination  because,  for  a  time  at  least,  one 
may  have  to  deal  with  bloods  containing  added  potassium  oxalate 
as  well  as  those  containing  lithium  oxalate.  If  much  potassium 
oxalate  is  present  it  may  be  necessary  to  use  4  drops  of  lithium 
sulfate  to  prevent  precipitate  formation. 

The  uric  acid  values  obtained  by  the  direct  determination 
described  above  are  often  from  0.1  to  0.2  mg.  higher  than  those 
obtained  by  the  help  of  the  silver  lactate  precipitation.  In  the 
course  of  my  control  determinations  by  means  of  silver  lactate 
I  have  found  that  the  original  conditions  described  by  Folin  and 
Wu  are  not  entirely  dependable.    Some  of  the  uric  acid  present 

•  5  cc.  blood  pipettes  are  very  much  better  than  ordinary  pipettes, 
graduated  in  tenths  of  a  cc,  for  many  purposes.  5  and  10  cc.  blood 
pipettes,  made  according  to  my  specifications,  can  be  obtained  from  the 
Emil  Greiner  Company,  55  Fulton  Street,  New  York. 
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occasionally  fails  to  go  into  the  silver  precipitate.  It  is,  of  course, 
essential  that  no  such  losses  shall  occur,  especially  when  the  pre- 
cipitation is  to  be  used  as  a  standard  control  process  for  checking 
the  results  of  the  direct  determination.  I  have  therefore  revised 
the  precipitation  process. 

The  silver  lactate  solution  should  be  prepared  as  follows:  Dis- 
solve 100  gm.  of  silver  lactate  in  about  700  cc.  of  warm  water. 
To  100  cc.  of  85  per  cent  lactic  acid  add  100  cc.  of  10  per  cent 
sodium  hydroxide.  Pour  this  partly  neutralized  lactic  acid  into  the 
silver  lactate  solution,  dilute  to  1  liter,  and  set  aside  to  allow  the 
sediment,  always  present,  to  settle.  Use  only  the  clear  super- 
natant solution.  By  thus  neutralizing  a  part  of  the  lactic  acid, 
one  provides  for  any  excess  acidity  present  in  the  blood  filtrate  and 
also  for  traces  of  mineral  acids  which  may  be  present  in  some 
samples  of  silver  lactate  or  in  the  lactic  acid. 

For  some  reason,  the  nature  of  which  I  do  not  know,  it  is  neces- 
sary to  add  a  very  large  excess  of  silver  lactate  solution  in  order 
always  to  get  complete  precipitation  of  the  uric  acid.  The  2  cc. 
prescribed  by  Folin  and  Wu  are  not  adequate  to  secure  the  quanti- 
tative recovery  of  uric  acid  added  to  sheep  blood  filtrate. 

It  should  be  stated  that  the  precipitation  of  uric  acid  from 
ordinary  solutions  containing  a  little  sodium  chloride  is  an  entirely 
different  proposition  from  that  of  precipitating  the  uric  acid 
from  blood  filtrates.  It  is,  in  fact,  very  doubtful  whether  it  is 
Possible  to  get  100  per  cent  recovery  from  water  solutions  when 
the  uric  acid  and  the  sodium  chloride  content  correspond  to  the 
concentrations  found  in  blood  filtrates.  From  the  artificial 
solutions  I  get  the  best  recovery  (90  to  95  per  cent)  by  adding 
0%  1  cc.  of  the  silver  lactate,  while  in  the  case  of  the  blood  filtrate 
100  per  cent  recovery  is  obtained  by  adding  7  cc.  of  the  silver 
feagent. 

To  isolate  the  uric  acid  from  the  blood  filtrate,  transfer  from 
2  to  5  cc.  (usually  5  cc.)  of  the  latter  to  a  centrifuge  tube.  With 
a  Wood  pipette,  or  a  small  cylinder,  add  7  cc.  of  the  silver  lactate 
solution.  No  stirring  is  necessary  or  desirable.  Let  settle  for 
to  2  minutes,  and  then  centrifuge.  All  the  uric  acid,  down  to 
"*e  last  trace,  will  now  be  in  the  precipitate. 

decant  the  supernatant  solution  as  completely  as  possible, 
^  add  1  cc.  of  a  10  per  cent  solution  of  sodium  chloride  in  tenth 


170  Blood  Analysis 


lonnal  hydrochloric  acid.  Stir  thoroughly  with  a  fine  glass  rod; 
*tr£  4  <w.  of  water  and  stir  again.    Centrifuge. 

?inr  the  supernatant  solution,  which  need  not  be  perfectly 
*JMtr  into  a  test-tube  graduated  at  the  25  cc.  mark.  Transfer 
Z  3!.  of  the  standard  uric  acid  solution  to  another  similar  test- 
v±*.  To  the  contents  of  each  tube  add  2  drops  of  lithium  sulfate, 
2  «.  of  sodium  cyanide,  and  1  cc.  of  the  uric  acid  reagent.  Shake 
a  moment  and  let  stand  for  2  minutes.  Then  heat  for  80  seconds, 
<mL  dilute  to  volume,  and  make  the  color  comparison  and  the 
cakoiation  as  in  the  direct  method. 

It  will  be  noted  that  the  preliminary  dilution  of  the  solution  with 
2  cc.  of  water  is  omitted  in  this  second  process.  That  extra 
dilution  is  prescribed  in  the  direct  determination  only  as  an 
added  precaution  against  the  formation  of  turbidity  during  the 
heating  process.  Personally  I  seldom  add  that  water  because 
I  can  nearly  always  avoid  precipitate  formation  without  it. 
The  addition  of  the  extra  water  diminishes  somewhat  the  depth  of 
the  color  obtained,  but  this  is  of  no  consequence  for  the  color 
produced  under  the  given  conditions  is  anyhow  much  deeper  than 
the  color  obtained  in  any  other  process. 


THE  COLORIMETRIC  ESTIMATION  OF  CYSTINE  IN 

URINE. 

By  JOSEPH  M.  LOONEY. 
{From  the  Biochemical  Laboratories  of  Harvard  Medical  School,  Boston.) 

(Received  for  publication,  July  25,  1922.) 

In  this  paper  I  shall  describe  an  application  of  the  method  for 
the  colorimetric  estimation  of  cystine  recently  advanced  from  this 
laboratory1  to  the  quantitative  determination  of  cystine  in  urine. 
The  following  procedure  was  devised  to  make  available  a  method 
for  the  study  of  a  series  of  cases  of  cystinuria  which  will  be  pub- 
lished in  another  paper. 

The  process  depends  on  the  fact  that  cystine  reacts  with  phos- 
photungstic  acid  in  the  presence  of  sodium  sulfite  to  give  a  deep 
blue  color.  Cystine  alone,  without  the  addition  of  sodium  sulfite, 
does  not  give  any  color  with  the  reagent.  Uric  acid  and  the  other 
urinary  constituents  which  reduce  phosphotungstic  acid  under 
certain  conditions,  which  will  be  given  in  detail  later,  give  the  same 
color  whether  sodium  sulfite  is  present  or  absent.  The  amount  of 
cystine  present  in  mine  is  estimated  by  determining  the  increase 
in  color  of  the  specimen  after  the  addition  of  sodium  sulfite. 

In  order  to  determine  the  effect  of  sodium  sulfite  on  the  color 
produced  by  uric  acid  the  following  experiment  was  performed: 

1  mg.  of  uric  acid  was  placed  in  each  of  two  100  cc.  volumetric 
flasks,  and  20  cc.  of  saturated  sodium  carbonate  were  added  to 
both.  1  cc.  of  20  per  cent  lithium  sulfate  was  then  added  to  each 
flask  to  inhibit  the  formation  of  a  precipitate  of  the  reagent.  10  cc. 
of  20  per  cent  sodium  sulfite  were  added  to  the  first  flask  and  the 
solutions  in  both  flasks  were  well  shaken.  3  cc.  of  phosphotungstic 
acid  were  now  added  to  each  flask,  which  were  then  shaken  and 
allowed  to  stand  for  5  minutes,  and  were  then  diluted  to  volume, 
mixed,  and  read  in  the  colorimeter. 

*  Folin,  O.,  and  Looney,  J.  M.,  /.  Biol.  Chem.,  1922,  li,  427. 
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There  was  no  appreciable  difference  in  the  amount  of  color 
produced.  Various  repetitions  of  this  experiment,  in  which  the 
undiluted  solutions  were  allowed  to  stand  for  different  periods  after 
the  addition  of  the  reagent  before  being  diluted  and  read,  showed 
that  the  sulfite  decreases  the  speed  of  reoxidations  so  that  the 
fading  in  the  flask  containing  the  sulfite  is  considerably  diminished. 

This  effect  does  not  appear  until  after  about  10  minutes  standing 
so  that  ample  time  is  given  to  read  the  solutions.  If  allowed  to 
stand  less  than  5  minutes  the  color  in  the  flask  which  is  free  from 
sulfite  is  less  than  that  in  the  other  flask. 

« 

TABLE  I. 

Standard  2  cc.  of  urine  +  20  cc.  of  sodium  carbonate  +  10  cc.  of  sodium 
sulfite  set  at  20.0  and  read  against  2  cc.  of  urine  +  20  per  cent  sodium 
carbonate. 


Time  elapsed. 

Readings. 

Amount. 

Loss. 

min. 

per  cent 

0 

21.2 

0.94 

6.0 

2 

20.8 

0.96 

4.0 

6 

20.7 

0.96 

4.0 

8 

20.5 

0.98 

2.0 

15 

21.3 

0.94 

6.0 

20 

21.7 

0.92 

8.0 

25 

22.9 

0.87 

13.0 

45 

26.8 

0.75 

25.0 

60 

28.7 

0.70 

30.0 

The  same  effect  is  given  by  normal  urine  as  can  be  shown  by  the 
following  experiment: 

2  cc.  of  normal  urine  were  placed  in  each  of  two  100  cc.  volu- 
metric flasks.  To  the  first  of  these  were  added  20  cc.  of  saturated 
sodium  carbonate  and  10  cc.  of  20  per  cent  sodium  sulfite;  to  the 
second  were  added  only  20  cc.  of  saturated  sodium  carbonate. 
Both  flasks  were  then  shaken  and  3  cc.  of  phosphotungstic  acid 
added,  after  which  the  flasks  were  again  shaken,  diluted  to  the 
mark,  and  well  mixed. 

The  solution  containing  the  sulfite  was  used  as  the  standard  and 
the  second  solution  was  read  against  it  immediately  and  at 
intervals  for  1  hour  as  shown  in  Table  I. 
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The  maximum  color  obtained  from  the  urine  not  containing  the 
sulfite  was  only  2  per  cent  less  than  that  given  by  the  one  which 
contained  10  cc.  of  20  per  cent  sodium  sulfite  and  this  difference 
may  be  assumed  to  be  due  to  cystine  present  in  normal 
urine.  The  amount  of  cystine  found  in  normal  urine  varies 
from  nothing  to  about  10  mg.  per  100  cc,  averaging  about  4  mg. 
per  100  cc. 

The  fact  that  the  addition  of  sulfite  does  not  alter  the  depth  of 
color  produced  by  uric  acid  contained  in  urine  allows  one  to  use  a 
solution  of  cystine  as  the  standard,  and  to  determine  the 
cystine  content  by  subtracting  the  cystine  equivalent  of  the 
urine  before  the  addition  of  sulfite  from  that  obtained  after  such 
addition. 
The  procedure  which  I  have  found  most  satisfactory  follows: 
The  standard  consists  of  a  solution  of  pure  cystine  in  5  per  cent 
sulfuric  acid  made  up  to  contain  2  mg.  of  cystine  in  each  cc.  of 
solution.  This  standard  keeps  indefinitely.  1  cc.  of  standard 
solution  is  taken  for  each  determination. 

1  cc.  of  standard  solution  containing  2  mg.  of  cystine  is  placed 
in  a  100  cc.  volumetric  flask,  20  cc.  of  saturated  sodium  carbonate, 
10  cc.  of  20  per  cent  sodium  sulfite,  and  1  cc.  of  20  per  cent  lithium 
sulfate  are  added  and  the  solution  is  well  mixed. 

In  a  second  flask  from  1  to  10  cc.  (usually  2  cc.)  of  urine  are  plac- 
ed and  treated  in  A  similar  manner. 

In  a  third  flask  the  same  amount  of  urine  is  placed  and  treated 
*&  above  except  that  no  sulfite  is  added. 

3  cc.  of  the  uric  acid  reagent  of  Folin  and  Denis  are  now  added 
t°  e^ch  flask  and  the  flasks  well  shaken.  After  standing  5  minutes 
"*e  solutions  are  diluted  to  volume  and  mixed.  The  solutions 
are  read  against  the  standard  set  at  20.0.  The  time  of  reading 
mu^t  not  be  later  than  8  minutes  after  the  reagent  is  added 
md  for  this  reason  a  new  standard  must  be  prepared  for  each 
^termination. 

*he  amount  of  cystine  is  found  by  subtracting  the  amount  of 

^Ucing  substances  in  the  third  flasks,  calculated  in  mg.  of  cystine 

fr°t*i  the  total  color-producing  substances  after  the   addition  of 

8l|lftte,  found  in  the  second  flask,  also  calculated  in  mg.  of  cystine. 

An  example  will  make  this  clear. 
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Standard  2.0  mg.  cystine  set  at  20 .0. 

Reading. 

20X2 
5  cc.  of  urine  with       sodium  sulfite        14.0        ——*»  2.86  mg.  cystine. 

14.0 

on  v  9 
5  «  «      «   without       "  "         18.2        —^4=2.20" 

18.2 

Cystine  content  of  5  cc.  urine  =  0.66  mg. 

In  certain  cases  in  which  there  is  much  cystine  it  may  be  neces- 
sary to  use  a  different  amount  of  mine  for  the  blank  and  total 
color  readings  so  that  the  readings  may  come  between  the  usual 
limits  of  13.0  and  27.0.  It  is  then  necessary  to  reduce  both 
amounts  to  the  same  quantity  of  urine  before  subtracting. 

When  the  urine  is  so  concentrated  that  cystine  is  precipitated 
it  is  necessary  to  separate  the  precipitate  from  the  solution  by  the 
help  of  a  centrifuge  or  by  filtering.  The  precipitate  is  dissolved 
in  a  small  amount  of  5  per  cent  sulfuric  acid  and  diluted  to  a 
definite  volume.  The  two  solutions  are  determined  separately 
and  the  amounts  combined  to  give  total  quantity. 

That  this  method  is  accurate  may  be  seen  from  the  following 
experiment : 

370  cc.  of  normal  urine  were  placed  in  a  strong  flask  and  500 
mg.  of  cystine  were  added.  The  flask  was  placed  in  a  shaking 
machine  and  agitated  for  3  hours.  The  solution  was  then  centri- 
fuged  and  the  precipitate  dissolved  in  5  per  cent  sulfuric  acid  and 
then  diluted  to  200  cc. 

2  cc.  of  the  clarified  mine  were  then  taken  and  the  amount  of 
cystine  was  estimated  according  to  the  procedure  given  above. 

Standard  2  mg.  cystine  set  at  20.0. 

Reading. 

20.0 
2  cc.  urine  with       sulfite       14.5  =  1 .38  mg.  per  cc. 

14.5 

•     2   "      "     without      "  17.3       ^?  -  1.16    "      "      " 

17.3 

1  cc.  urine  contains   0.22  mg.  cystine. 

370  "       "  "        81.4     "         " 

1  cc.  of  the  solution,  containing  the  precipitate,  was  then 

estimated  in   a  corresponding  manner. 
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Standard  2  mg.  cystine  set  at  20.0. 


Reading. 

1  cc.  of  solution  with       sulfite        19.0       20.0  X  2  =  2.10  mg. 
1    "     "        "         without     "  No  color.  0.00 


1  cc.  of  solution  contains    2 .  10  mg.  cystine. 
200  "     "         "  "       420.0       "         " 

Urine  filtrate  "        81.4       "         " 


Cystine  taken 


501.4 
500.0 


M 
U 


M 
M 


If  the  urine  contains  albumin  it  must  be  removed  before  at- 
tempting to  estimate  the  cystine.  For  this  purpose  I  find  that 
trichloroacetic  acid  gives  good  results  and  does  not  interfere  with 
the  subsequent  estimation  of  cystine. 

The  procedure  adopted  to  procure  a  protein-free  filtrate  is  as 
follows:  Accurately  measure  50  cc.  of  urine  into  a  100  cc.  volume- 
tric flask,  add  5  cc.  of  20  per  cent  trichloroacetic  acid,  fill  to  mark 
with  distilled  water,  stopper,  and  shake  vigorously.  Filter* 
through  a  dry  filter  paper  into  a  clean  dry  flask. 

The  figure  obtained  for  this  filtrate  multiplied  by  2  gives  the 
amount  for  the  untreated  urine. 

The  results  in  Table  II  were  obtained  on  normal  urines  to  which 
known  amounts  of  cystine  had  been  added.  The  last  three  urines 
had  also  been  treated  by  the  addition  of  egg  albumins. 


TABLE  II. 

No. 

Cystine  added. 

Cystine 
recovered. 

Remarks. 

mg.  per  ee. 

mg.  per  cc. 

1 

0.50 

0.51 

2 

0.50 

0.52 

3 

1.00 

1.03 

4 

1.50 

1.46 

5 

1.50 

1.48 

6 

0.50 

0.47 

Albumin  removed  as  described. 

7 

0.25 

0.24 

it                             U                 M                    M 

8 

1.00 

0.98 

<<                              It                <<                    U 

ON  THE  PROTEOLYTIC  ENZYMES  OF  THE  SPLEEN. 

By  S.  G.  HEDIN. 

IFrom   the  Laboratory   of  Physiological  Chemistry,  University  of  Upsala, 

Upsala,  Sweden.) 

(Received  for  publication,  January  20, 1922.) 

INTRODUCTION. 

Since  Salkowski  in  1890  called  attention  to  the  fact  that  animal 
organs,  when  kept  at  37°  with  antiseptics,  undergo  a  change  more 
or  less  similar  to  the  digestion  of  proteins  in  the  alimentary 
canal,1  several  investigators  have  been  working  along  the  same 
lines.  Schwiening8  found  that  NaaCOs  checks  the  process  and 
Bondi*  observed  a  favorable  influence  of  HC1  upon  it  in  the  case 
of  the  liver,  which  Rowland  and  I  found  to  be  the  case  with  all 
the  organs  tried  by  us  except  the  pancreas.4  The  process  is 
generally  called  autolysis.  Working  with  the  spleen  I  found 
that  this  organ  contains  two  proteolytic  enzymes;  one  of  them 
acting  principally  in  an  acid  medium  (0-protease)  and  one  acting 
mainly  in  an  alkaline  medium  (a-protease).6  The  latter  could 
not  be  properly  shown  unless  the  spleen  had  been  previously 
digested  with  a  weak  acid.  The  products  obtained  by  the  action 
in  an  acid  medium  were  studied  by  Leathes,8  who  was  able  to 
isolate  several  amino-acids,  and  Cathcart7  who  was  able  to  isolate 
amino-acids  from  the  products  resulting  from  the  action  of  the 
a-protease.  More  recently  the  proteolytic  enzymes  of  the  spleen 
have  been  studied  by  Morse,8  who  confirmed  the  results  of  Hedin 

1  Salkowski,  E.,  Z.  klin.  Med.,  1890,  xvii,  suppl.,  77. 

*  Schwiening,  H.,  Virchows  Arch.  path.  Anat.,  1894,  cxxxvi,  444. 

*  Bondi,  C,  Virchows  Arch.  path.  Anat.,  1896,  cxliv,  373. 

4  Hedin,  S.  G.,  and  Rowland,  S.,  Z.  physiol.  Chem.,  1901,  xxxii,  341,  531. 

*  Hedin,  S.  G.,  /.  Physiol.,  1904,  xxx,  155. 

*  Leathes,  J.  B.,  /.  Physiol.,  1902,  xxvii,  360. 

7  Cathcart,  E.  P.,  /.  Physiol.,  1904-05,  xxxii,  299. 

*  Morse,  M.,  /.  Biol.  Chem.,  1917,  xxxi,  303. 
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but  pointed  out  that  the  a-protease  does  not  affect  native  proteins. 
Dernby,9  who  likewise  confirms  the  existence  of  two  enzymes, 
finds  in  all  tissues  "proteolytic  enzymes  of  the  type  of  trypsin 
or  erepsin  that  attack  only  peptones  or  peptides"  and  have  their 
optimal  action  at  pH  7.8;  in  addition  he  assumes  the  "existence 
of  pepsin-like  enzymes,  which  split  native  proteins  to  peptones 
but  not  further"  and  have  their  optimal  action  at  pH  3.5. 

EXPERIMENTAL. 

In  all  my  experiments  it  has  been  very  useful  at  first  to  act 
upon  the  spleen  substance  with  an  acid,  either  added  to  the 
spleen  mass  or  formed  during  digestion.  As  will  be  seen  later  on 
a  larger  quantity  of  the  enzymes  is  obtained  through  the  action 
of  a  proper  amount  of  acid,  and  in  addition  a  very  strong  pro- 
teolytic activity  sets  in  when  the  acid  is  present  and  the  undis- 
solved substance  can  easily  be  filtered  off  and  washed.  Without 
the  previous  action  of  the  acid  it  is  indeed  very  difficult  to  bring 
about  any  filtration  of  the  spleen  mass  at  all.  I  have  carried  out 
the  treatment  with  acid  and  the  subsequent  extraction  of  the 
enzymes  in  the  following  way. 

100  gm.  of  minced  ox  spleen  are  mixed  with  300  gm.  of  water  and  2.25  cc. 
of  20  per  cent  acetic  acid.  Chloroform  and  toluene  are  added  to  prevent 
bacterial  action.  After  about  24  hours  at  37°  the  contents  of  the  bottle  are 
filtered;  Filtrate  A  is  kept  for  further  investigation,  and  the  residue  is 
thoroughly  washed  with  water.  Then  the  residue  is  mixed  with  150  cc. 
of  a  casein  solution,  obtained  by  dissolving  20  gm.  of  casein  (Hammar- 
sten)  in  400  cc.  of  water  + 100  cc.  of  0. 1  n  NaOH.  Chloroform  and  toluene 
are  again  added  and  the  whole  is  digested  for  24  hours  at  37°  and  then 
filtered.  Filtrate  B  is  investigated  in  the  manner  described  below.  The 
residue  is  thoroughly  washed  and  then  extracted  with  5  per  cent  NaCl 
solution  at  37°  for  24  hours.  Then  the  solution  is  filtered  off  and  added 
with  30  gm.  of  Am2S04  to  100  cc.  of  solution.  The  precipitate  formed  on 
the  addition  of  the  salt  is  filtered  off  and  dialyzed  after  the  addition  of 
water.  When  the  Am2S04  has  been  nearly  completely  removed,  the 
fluid  is  filtered  from  the  undissolved  proteins,  the  residue  on  the  filter  is 
dissolved  in  as  little  NaOH  as  possible  and  forms  after  filtration  Solution 
C  (to  he  described  later  on) . 

The  above  technique  makes  it  possible  to  a  certain  extent  to 
separate  the  different  enzymes  contained  in  the  spleen  mass.    In 

•  Dernby,  K.  G.,  /.  Biol.  Chem.,  1918,  xxxv,  179. 


S.  G.  Hedin 


179 


addition  to  the  two  enzymes,  a-  and  /3-protease  which  I  found 
before,  I  have  been  able  to  demonstrate  in  the  spleen  the  presence 
of  erepsin.  The  method  of  investigation  just  described  is  shown 
in  the  Mowing  scheme. 

Minced  spleen  is  digested  with  acetic  acid. 


r 


Filtrate  A  contains  all  enzymes. 


Residue  is  extracted  with  casein 
solution. 

I 


Casein  extract  B  mainly  contains 
0-protease  and  erepsin. 


Residue  is  extracted  with  NaCl 

solution.    Solution  C  obtained 

as  indicated    above    contains 

mainly  a-protease. 


Enzyme  Action  of  Casein  Extract  B. 

The  action  of  the  extract  upon  casein  was  carried  out  with 
specimens  made  up  in  the  following  way: 

20  cc.  of  casein  extract  +  25  cc.  of  casein  solution  +  varying  amounts 
of  0.1  n  NaOH  or  of  0.2  n  HC1.  Water  was  added  to  such  an  amount 
that  the  volumes  of  the  specimens  belonging  to  the  same  series  were  the 
*Mae.  The  digestion  lasted  3  days  at  37°;  then  it  was  interrupted  by 
adding  35  cc.  of  tannic  acid  solution.10  After  1  night  the  specimens  were 
filtered,  50  cc.  of  nitrate  were  taken  for  N  determination  and  the  result, 
expressed  in  cc.  of  0.1  n  acid,  after  deduction  of  the  figure  obtained  from 
the  control  specimen  with  boiled  casein  extract,  was  calculated  for  the 
*hole  volume  of  the  specimens.  The  figures  obtained  in  this  way  are 
recorded  in  Table  I.  The  casein  solution,  before  being  used  for  the  extrac- 
tion, shows  an  approximately  neutral  reaction,  pH  being  6.94;  the  casein 
extract  is  decidedly  more  acid,  pH  being  6.5.  The  pH  in  this  as  well  as 
m  all  the  following  experiments  was  determined  by  the  electrometric 
method  (18°). 

The  figures  of  the  controls,  corresponding  to  the  digestion  dur- 
mg  the  extraction  with  casein,  were:  Experiment  1  =  34.45, 
Experiment  2  =  24.95,  Experiment  3  =  32.15,  Experiment  4  = 
30.95,  and  Experiment  5  =  32.15. 

11  The  casein  solution  was  made  up  as  described  on  page  178  and  the 
tannic  acid  solution  contained  100  gm.  of  tannic  acid,  50  gm.  of  sodium 
aoetate,  50  gm.  of  NaCl,  and  50  cc.  of  glacial  acetic  acid  in  1  liter. 
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As  can  be  seen,  the  strongest  digestion  took  place  in  the  specie 
mens  with  2  cc.  of  HC1.  In  two  experiments  the  concentration  c^ 
the  H  ions  was  determined  in  the  specimens  with  the  strongest 
action  and  pH  was  found  5.7  for  Experiment  4  and  5.45  f< 
Experiment  5.  In  the  specimen  without  NaOH  and  HC1,  p] 
equalled  6.7  and  in  the  one  with  2  cc.  of  NaOH,  it  equalled  7.S . 
In  the  specimen  with  15  cc.  of  HC1,  pH  corresponds  to  the  valucj 
1.96.  Consequently  the  casein  extract,  when  acting  upon 
shows  its  maximum  effect  in  a  weakly  acid  medium.    The  acti< 


TABLE  I. 

Experiment. 

l 

2 

3 

4 

5 

cc. 

NaOH  4 

1.85 

3 

2.55 

2 

6.05 

7.3 

10.0 

2.65 

1 

10.00 

10.8 

14.15 

2.90 

0 

16.85 

14.3 

18.45 

15.85 

5.20 

HC1  1 

30.15 

19.1 

27.25 

25.4 

10.2 

2 

34.45 

20.95 

30.6 

28.6 

13.6 

3 

32.65 

20.8 

27.25 

25.1 

13.6 

4 

20.70 

18.7 

21.35 

20.45 

11.65 

5 

19.15 

19.35 

6 

19.1 

7 

18.25 

8 

16.4 

9 

14.4 

10 

11.0 

11.95 

15 

0.3 

in  an  alkaline  medium  is  much  weaker  and  in  a  medium  most 
favorable  for  the  action  of  pepsin  (pH  2)  it  has  no  effect  at  all. 
The  determination  of  pH  was  always  carried  out  before  the  diges- 
tion; the  change  of  pH  taking  place  in  the  course  of  the  digestion 
has  turned  out  to  be  very  small,  the  casein  present  acting  as  a 
buffer.  In  some  experiments  pH  was  determined  before  and 
after  the  digestion.  The  results  are  recorded  in  Table  II  at  the 
same  time  giving  the  amount  of  digestion  determined  as  above. 

There  can  hardly  be  any  doubt  that  the  action  of  the  casein 
extract  upon  casein  which  has  its  maximum  effect  in  a  weakly 
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acid  medium,  depends  mainly  upon  the  presence  of  the  0-protease 
described  by  the  author.  But  it  is  quite  possible  that  other 
enzymes  are  present  as  well.  Since  there  is  always  some  action 
in  a  weakly  alkaline  medium  some  a-proteasc  may  be  present. 
In  order  to  test  whether  there  is  any  erepsin  I  tried  the  action  of 
the  casein  extract  upon  Witte's  peptone.  I  removed  from  the 
peptone  the  bulk  of  the  products  not  precipitable  by  tannic  acid, 
in  the  following  way:  20  gm.  of  Witte's  peptone  were  dissolved 
in  500  cc.  of  water  and  the  solution  after  neutralization  with  HC1 
was  dialyzed  for  3  days  against  tap  water.  Then  the  solution 
was  heated  on  the  water  bath  for  \  hour,  filled  up  to  650  cc., 
and  filtered.  The  reaction  is  now  weakly  alkaline,  pH  being 
about  7.5.     The  experiments  with  peptone  were  carried  out  in 

TABLE  II. 


Before  digestion. 

After  digestion. 

Amount  of  digestion. 

7.55 

7.55 

7.1 

7.55 

7.58 

5.1 

7.10 

7.12 

8.2 

6.60 

6.57 

13.35 

6.61 

6.54 

11.45 

6.08 

6.06 

23.0 

6.08 

6.01 

14.9 

the  same  way  as  those  with  casein  except  that  25  cc.  of  peptone 
solution  were  added  instead  of  25  cc.  of  casein  solution.  In  order 
to  study  the  effect  of  the  same  casein  extract  upon  casein  and 
upon  peptone  the  following  experiment  was  carried  out.  The 
specimens  contained  20  cc.  of  casein  extract  +  25  cc.  of  casein 
or  peptone  solution  +  5  cc.  made  up  of  the  recorded  amount  of 
0.1  n  NaOH  or  0.2  n  HC1  and  of  water.  The  digestion  lasted 
3  days  at  37°.  To  the  casein  specimens  35  cc.  and  to  the  peptone 
specimens  30  cc.  of  tannic  acid  were  added.  Of  the  former 
specimens  50  cc.  of  filtrate  and  of  the  latter  65  cc.  were  taken 
for  a  N  determination.  The  control  specimen  gave  with  casein 
the  value  32.1  and  with  peptone  53.55.  After  deduction  of  these 
values  the  results  were  as  given  in  Table  III. 

From  these  figures  it  can  be  seen  that  the  strongest  action 
took  place  upon  casein  in  an  acid  medium  (pH  5.45)  and  upon 
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peptone  in  an  alkaline  one  (pH  7.5).  The  action  upon  casein  in 
an  alkaline  medium  was  very  weak  and  in  all  probability  it  was 
due  to  a  small  amount  of  o-protease  being  present.  From  this 
experiment  it  must,  I  believe,  be  inferred  that  the  casein  extract 
contains  in  addition  to  the  0-protease  acting  most  strongly  upon 
casein  in  an  acid  medium,  an  enzyme  hardly  acting  upon  casein 
at  all  but  easily  splitting  up  peptone;  this  action  is  most  marked 
in  an  alkaline  medium.  In  all  probability  this  enzyme  must  be 
termed  an  erepsin,  although  it  differs  from  the  erepsin  found  by 
Cohnheim  in  the  mucous  membrane  of  the  intestine  inasmuch  as 
this  enzyme  acts  upon  casein  as  well  as  upon  peptone.    Further 

TABLE  III. 


Casein. 

Peptone. 

ce. 

NaOH4 

1.85 

3 

2.55 

20.00 

2 

2.65 

19.90  (pH  7.5) 

1 

2.90 

19.60 

0 

5.20 

18.80 

HC11 

10.20 

16.65 

2 

13.60  (pH  5.45) 

13.35 

3 

13.60 

11.90 

4 

11.65 

10.70 

5 

10.15 

•evidence  of  the  existence  of  the  erepsin  in  the  spleen  substance 
will  be  given  later  on  in  this  paper. 

Vernon  first  called  attention  to  the  existence  of  ereptic  enzymes 
in  animal  tissues  other  than  the  intestine  and  pancreas11  and 
lately  Deraby*  has  showed  that  several  organs  split  up  peptone, 
but  he  did  not  decide  whether  this  action  was  due  to  an  erepsin 
or  to  a  tryptic  enzyme. 

Enzyme  Action  of  Solution  G. 

The  experiments  on  the  action  upon  casein  were  carried  out 
with  10  cc.  of  Solution  C  +  25  cc.  of  casein  solution  in  addition 
to  4  cc.  made  up  of  the  recorded  volumes  of  0.1  n  NaOH  or  0.2  n 

11  Vernon,  H.  M.,  J.  Physiol.,  1904-05,  xxxii,  33. 
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HC1  and  of  water.    The  results  of  two  series  of  experiments  are 
recorded  in  Table  IV. 

The  values  of  pH  obtained  from  the  corresponding  specimens 
of  the  two  series  are  not  quite  the  same,  because  the  amount  of 
NaOH  used  for  the  preparation  of  Solution  C  was  not  and  could 
not  be  exactly  the  same  in  the  two  cases.  It  is  .quite  evident 
from  these  two  series  that  Solution  C  has  its  strongest  action 
upon  casein  in  a  medium  decidedly  alkaline,  pH  being  8.8  to 
8.9.  Solution  C,  therefore  mainly  contains  the  a-protease  pre- 
viously found  by  me.  From  the  way  in  which  Solution  C 
was  obtained  it  can  be  seen  that  the  a-protease  adheres  to  pro- 
teins, that,  like  globulins,  are  soluble  in  dilute  NaCl  solutions, 

TABLE  IV. 


Series. 

I 

II 

ee. 

NaOH  4 

16.1 

(pH8.88) 

3 

15.95 

(pH8.57) 

7.4    (pH8.79) 

2 

14.9 

7.35  (pH  8.29) 

1 

13.7 

7.0 

0 

11.95 

6.25  (pH  7.35) 

HC11 

10.35 

5.6    (pH6.50) 

2 

6.5 

(pH5.73) 

4.2    (pH5.90) 

3 

3.35 

not  soluble  in  water,  but  soluble  in  alkali.  I  have,  therefore, 
tried  to  extract  the  enzyme  from  the  residue  obtained  after 
the  treatment  of  the  spleen  mass  with  acetic  acid,  by  the 
aid  of  MgO  suspended  in  water.  After  24  hours  at  37°  the 
mass  was  filtered  and  the  pH  of  the  filtrate  was  found  to  be 
9.23.  This  solution  showed  its  maximum  action  upon  casein  at 
about  pH  5.5.  Therefore,  the  alkaline  solution  obtained  with 
MgO  was  precipitated  with  acetic  acid,  the  precipitate  was  filtered 
off  and  dissolved  in  as  little  NaOH  as  possible.  Then  with  thi& 
solution  and  casein  in  the  way  described  above  the  results  shown 
in  Table  V  were  obtained. 

The  maximum  effect  was  therefore  obtained  at  the  same  pH 
as  above  with  Solution  C  and  the  a-protease  was  evidently 
present  in  the  solution  tried. 
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In  my  work  on  the  spleen  enzymes  already  referred  to  (i 
I  pointed  out  that  the  a-protease  is  checked  in  its  actio 
serum  albumin  of  the  serum,  the  /3-protease  not  being 
With  the  enzyme  solutions  obtained  as  above  I  have  ca 
experiments  on  this  question.  Specimens  were  prepa 
taining  10  cc.  pf  Solution  C  +  5  cc.  of  serum  albumin  (ox) 
of  casein  solution  +3  cc.  of  0.1  n  NaOH.  The  control  c 
5  cc.  of  serum  albumin  boiled  on  the  water  bath  for  30 
The  experiments  were  carried  out  as  above.    In  one  exj 

TABLE  V. 


cc. 

NaOH  5 

2.45 

4 

4.40 

3 

6.25  (pH8 

2 

4.95 

1 

4.15 

0 

3.85 

HC1  1 

4.65 

2 

4.25 

3 

3.75 

where  the  pH  of  the  above  specimen  was  8.57,  the  figures 
were: 


Serum  albumin,  not  heated. 
"  "         heated 


The  inhibiting  action  of  the  serum  albumin  used,  t 
corresponds  to  7.3.    In  another  experiment  the  pH  was 
the  figures  were: 


Serum  albumin,  not  heated. 
"  "         heated 


The   inhibiting   action,    therefore,    corresponded   to 
another  experiment  with  Solution  C,  HC1  was  added  ii 
NaOH  and  to  such  an  amount  that  the  pH  of  the  i 
was  5.7: 


Serum  albumin,  not  heated. 
"  "         heated 
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The  inhibiting  action  was,  therefore,  1.6.    In  these  experiments 
outlaw  inhibiting  action  of  the  serum  albumin  the  enzyme  checked 
was  ot-protease,  this  enzyme  being  checked  in  alkaline  and  in 
acid  media.    As  I  have  found  before,  the  inhibiting  substance 
of  the  serum  is  destroyed  by  the  action  of  acid;  but  for  such  a  de- 
struction rather  a  strong  action  of  the  acid  is  required,  and  when 
the.  inhibiting  substance  has  already  been  acting  upon  the  enzyme, 
no  enzyme  can  be  liberated  by  a  subsequent  action  of  an  acid.12 
Solution  C  exercises  some  action  upon  Witte's  peptone  as  well 
as  upon  casein,  this  action  being  checked  by  serum  albumin.     In 
one  experiment  the  following  figures  were  obtained.    The  speci- 
mens were  made  up  as  in  the  experiments  with  casein,  peptone 
being  substituted  for  casein. 


Experiment  with 

Peptone. 

Casein. 

Serum  albumin,  not  heated 

3.08 

5.85 

3.6 

"          "         heated 

6.4 

In  all  my  experiments  on  the  influence  of  serum  albumin  upon 
the  enzyme  action  of  Solution  C,  I  observed  an  inhibiting  influence 
°f  the  serum  albumin.  When  I  tried  the  influence  of  the  serum 
albumin  upon  the  action  of  the  0-protease  or  the  erepsin,  I  found 
e*ther  no  influence  or  a  weak  one.  In  the  cases  of  a  weak  inhibit- 
^IS  action  I  thought  this  was  due  to  the  enzyme  solution  tried, 
c<>ntaining  some  a-protease. 

-Although  the  a-protease  in  all  probability  possesses  the  power 

°^    splitting  peptone,  it  is  able  to  carry  out  the  beginning  of  the 

8P*litting  process  of  casein  to  a  greater  extent  than  the  end  of  the 

^*3ie  process;  this  is  borne  out  by  the  fact  that  the  a-protease 

^^d  the  erepsin,  when  acting  together  upon  casein,  digest  the 

^•Xne  to  a  greater  extent  than  they  both  do  when  acting  separately. 

^iiis  can  be  seen  from  the  following  experiment,  where  the  a- 

J*^«>tease  is  represented  by  Solution  C  and  the  erepsin  by  Filtrate  A 

^^"krongly  dialyzed)   which  sometimes   contains  rather  a  large 

^^fciount  of  this  enzyme  and  only  a  little  a-protease. 

"Hedin,  S.  G.f  Festskrift  Olof  Hammarsten,  Upsala  L&karef.  Fdrh., 
***ppl.,  1906,  xi. 
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1 

2 
3 
4 


10  cc.  of  Solution  C+  10  cc.  of  Filtrate  A  +  25  cc.  of  casein  -f  4cc. 


ofO.lNNaOH 

10  cc.  of  Solution  C  4-  10  cc.  of  Filtrate  A  heated  -f-  25  cc.  of 

casein  +  4  cc.  of  0. 1  n  NaOH 

10  cc.  of  Solution  C  heated  +  10  cc.  of   Filtrate  A  +  25  cc. 

of  casein  -f  4  cc.  of  0. 1  n  NaOH 

Control  with  Solution  C  and  Filtrate  A  heated 


9.07 

9.07 

9.07 
9.07 


3  days  at  37° 

;35 

cc.  of  tannic  acid  solution 

i;50cc.  of  filtrate 

No. 

Figures  obtained. 

Control  (1.1)  deducted. 

1 
2 
3 
4 

18.5 
9.4 
2.0 
1.1 

17.4 
8.3 
0.9 

The  figures  obtained  from  the  separate  action  of  both  enzymes 
being  8.3  and  0.9,  the  sum  of  these  (9.2)  is  far  exceeded  by  the 
figure  17.4  representing  the  common  action  of  both  enzymes. 
This  experiment  shows  at  the  same  time  that  the  a-protease  alone 
exercised  rather  a  strong  action  upon  casein  and  the  erepsin 
alone  hardly  any  at  all.  Another  experiment  showed  that  the 
erepsin  solution  readily  acted  upon  Witte's  peptone: 


No. 


1 
2 


10  cc.  of  Filtrate  A  +  25  cc.  of  peptone  +  2  cc.  of  0.1  n  NaOH 

10  "     "         "       A  heated  +  25  cc.  of  peptone  +  2  cc.  of  0. 1  n  NaOH 


After  digestion  as  above  the  following  figures  were  obtained: 


No. 

Figures  obtained. 

Control  (9.95)  deducted. 

1 
2 

19.10 
9.95 

Effect  -  9.15 

In  another  experiment  with  a-protease  and  erepsin,  casein 
extract  B  was  used  as  erepsin  solution.  The  figures  were,  after 
deduction  of  the  control  value: 

cr-Protease  +  erepsin 14.4 

alone 7.5 

Erepsin  alone 1.6 
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Further  Experiments  on  Filtrate  A. 

In  addition  to  erepsin,  Filtrate  A  contains  mainly  ^-protease 
and  varying  amounts  of  a-protease.  In  the  following  experi- 
ments, Filtrate  A  was  half  saturated  with  Am2S04  by  adding 
30  gm.  of  this  salt  to  100  cc.  of  fluid.  The  precipitate  formed 
was  filtered  off  and  dialyzed  with  as  little  water  as  possible  till 
the  salt  was  removed.    The  solution  thus  obtained  was  used  for 

determining  the  action  upon  casein  at  different  values  of  pH. 

Each  specimen  contained  20  cc.  of  enzyme  solution  +  25  cc.  of 

casein  solution  +5  cc.  made  up  of  water  and  0.1  n  NaOH  or  0.2  N 

HC1.    The  figures  obtained  were: 


Experiment  1. 

Experiment  2. 

ec. 

NaOH  5 

4.35  (pH  9.79) 

1.8     (pH9.72) 

4 

5.6 

4.25 

3 

7.22 

12.3 

2 

19.4     (pH8.19) 

1 

8.41 

24.2     (pH7.56) 

0 

8.5 

29.15    (pH7.25) 

HC11 

11.20  (pH  6.43) 

38.25    (pH6.36) 

2 

9.85 

33.3     (pH5.85) 

3 

8.85 

29.6 

4 

6.65 

23.95 

5 

4.40 

h  these  series  the  strongest  action  is  obtained  in  a  medium 
^ghtly  less  acid  (pH  6.4)  than  in  the  experiments  with  the  casein 
extract  recorded  above.  This  may  be  due  to  the  solution  con- 
taining more  a-protease  than  the  casein  extract,  as  shown  by 
rather  a  strong  digestion  taking  place  in  an  alkaline  medium, 
particularly  in  Experiment  2. 

I  have  tested  the  influence  of  acid  upon  the  enzymes  present 
ln  Filtrate  A  in  the  following  way.  The  filtrate  derived  from 
1>000  gm.  of  ox  spleen  was  precipitated  by  adding  500  gm.  of 
^jS04  to  1  liter  of  filtrate,  whereupon  the  precipitate  was 
filtered  off  and  dialyzed  free  from  salt.  The  solution  was  then 
fitted  with  water  to  1,000  cc.  The  enzyme  solution  thus  ob- 
Wned  was  treated  with  acid  in  such  a  way  that  100  cc.  of  solution 
Were  kept  with  15  cc.  of  0.2  n  HC1  at  room  temperature  for 
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24  hours  (pH  2.04).  This  solution  gave  no  action  upon  casein 
either  in  an  alkaline  or  in  an  acid  medium  nor  did  it  act  upon 
peptone  in  an  alkaline  medium  and,  therefore,  the  three  enzymes 
had  been  completely  destroyed  by  the  action  of  the  acid. 

The  treatment  with  acid  was,  therefore,  repeated  with  less 
acid:  100  cc.  of  solution  +  10  cc.  of  0.2  n  HC1  (pH  3.25)  were 
kept  at  room  temperature  for  24  hours  and  then  20  cc.  of  0.1  n 
NaOH  were  added  (A).  In  the  control  specimen  100  cc.  of  solu- 
tion were  mixed  with  10  cc.  of  acid  and  20  cc.  of  NaOH  and  kept 
for  24  hours  at  room  temperature  (B).  The  specimens  for  diges- 
tion were  prepared  as  follows: 


No. 

pH 

1 

(10  A  +  10  B)  heated  +  25  casein  solution  +  3  NaOH 

8.2 

2 

10  A  (heated)  +  10  B  +  25       "           "        +3        " 

3 

(10  A  +  10  B)  heated  +  25       "                    +  3        " 

4 

(10  A  +  10  B)        "      +  25  peptone  solution  +  3  NaOH 

8.3 

5 

10  A  (heated)  +  10  B  +  25         "            "       +  3      " 

6 

(10  A  +  10  B)  heated  +  25         "            "       +  3      " 

7 

(10  A  +  10  B)        "      +  25  casein  solution  +  2  HC1 

5.8 

8 

10  A  (heated)  +  10  B  +  25       "           "        +  2    " 

9 

(10  A  +  10  B)  heated  +  25       "         .  "        +2    " 

3  days  at  37° ;  30  cc.  tannic  acid ;  50  cc.  filtrate. 


The  figures  obtained  were: 


No. 

After  deduction  of  controls. 

1 

3.35 

1.2 

2 

9.2 

7.05 

3 

2.15 

4 

10.9 

1.5 

5 

24.7 

15.3 

6 

9.4 

7 

11.60 

9.5 

8 

20.65 

18.55 

9 

2.1 

In  another  experiment  with  the  same  enzyme  solution  the 
amount  of  acid  used  was  5  cc.  and  the  amount  of  NaOH,  10  cc. 
The  digestion  was  carried  out  in  the  same  way  as  above  and  the 
figures  obtained  were: 
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*fo. 

After  deduction  of  controls. 

1 

7.85 

5.35 

2 

9.95 

7.45 

3 

2.5 

4 

22.4 

12.85 

5 

25.2 

15.65 

6 

9.55 

7 

20.5 

18.05 

8 

21.0 

18.55 

9 

2.45 

As  can  be  seen  from  these  experiments,  the  a-protease  and  the 
erepsin  were  weakened  by  the  action  of  5  cc.  of  0.2  n  HCl  to 
100  cc.  of  solution  while  the  0-proteasc  was  hardly  affected  at  all. 
By  the  action  of  10  cc.  of  acid  (pH  3.25)  the  two  former  enzymes 
were  almost  completely  destroyed  and  the  latter  was  evidently 
somewhat  weakened. 

The  experiment  with  10  cc.  of  acid  to  100  cc.  of  enzyme  solu- 
tion was  therefore  repeated  and  the  action  of  the  resulting  solu- 
tions, A  and  B,  upon  casein  and  peptone  was  tested  at  a  different 
pH.  Each  specimen  contained  10  cc.  of  enzyme  solution  (A  or 
B)  4-  25  cc.  of  casein  (or  peptone)  solution  +  5  cc.  made  up  of 
the  recorded  amount  of  0.1  n  NaOH  or  0.2  n  HCl  and  water. 
The  digestion  lasted  3  days  at  37°,  30  cc.  of  tannic  acid  were 
added  and  50  cc.  of  filtrate  were  taken  for  N  determination.  The 
controls  with  casein  gave  for  A  and  B  the  figures  3.1  and  0.95 
and  those  with  peptone,  11.25  and  8.75.  After  deduction  of  these 
values  the  results  were: 


Casein. 

Peptone. 

A                               B 

A 

B 

cc. 

NaOH  4 

1.65 

5.4 

2.65 

18.95 

3 

2.5 

9.35 

3.55 

19.7 

2 
1 

3.15 
3.6 

12.85 
15.5 

4.5 
5.25 

19.85  (pH  8.46) 
19.55 

HCl  ? 
2 

4 

4.95 
10.7 

14.1    (pH5.24) 
13.9 
12.5 

19.85 

26.0   (pH6.32) 

25.5 

21.15 

19.85 

6.7 

8.8 
10.85 

11.25(pH  4.34) 
10.75 

19.6 
17.75 

16.25 
14.75 

5 

11.75                   17.15 

9.55 

13.45 

190  Proteolytic  Enzymes  of  the  Spleen 

These  figures  show  that  without  preceding  treatment  with  acid 
(B)  the  strongest  action  took  place  upon  casein  in  a  weakly  acid 
medium  (pH  6.32)  and  upon  peptone  in  a  decidedly  alkaline 
medium  (pH  8.46).  By  the  treatment  with  acid  (A)  the  reaction 
most  favorable  for  the  action  upon  casein  was  somewhat 
moved  to  the  acid  side  (pH  5.24)  and  the  pH  most  favorable  for 
the  action  upon  peptone  was  moved  from  the  alkaline  side  to  the 
acid  one  (pH  4.34).  The  treatment  with  acid  in  all  probability 
affects  all  the  three  enzymes  but  the  effect  upon  the  erepsin  in 
this  case  is  the  most  striking.  In  addition  we  find  from  the  figures 
obtained  that  after  the  treatment  with  acid  the  reaction  most 
favorable  for  the  action  upon  casein  and  upon  peptone  is  nearly 
the  same  (pH  5.24  and  4.34).  The  enzyme  acting  mainly  at  an 
acid  reaction  seems  therefore  to  act  upon  peptone  as  well  as  upon 
casein.  Consequently  I  find  no  reason  for  thinking  that  the 
digestion  of  proteins  in  an  acid  medium  by  the  influence  of  spleen 
enzymes  is  caused  by  any  kind  of  pepsin,  this  latter  view  in 
addition  not  being  consistent  with  the  fact  that  the  enzymes  are 
completely  destroyed  in  a  medium  most  suited  to  the  action  of 
pepsin  (pH  2). 

Effect  of  Acid  upon  the  Spleen  Substance. 

As  I  have  already  pointed  out,  the  autolysis  of  organs  goes 
much  faster  in  an  acid  medium  than  it  does  in  an  alkaline  one. 
Some  15  years  ago  I  found  that  the  autolysis  of  the  spleen  and 
of  other  organs  in  an  alkaline  medium  takes  place  much  faster, 
if  the  organs  are  treated  with  a  weak  acid  before  the  reaction  is 
made  alkaline,  than  it  does  if  no  treatment  with  acid  takes  place.12 

I  interpreted  this  fact  as  being  due  to  the  acid  destroying  a 
substance,  which,  if  active,  inhibits  the  action  of  the  a-protease 
of  the  organs.  This  view  was  supported  by  the  fact  that  the 
digestion  of  casein  by  means  of  spleen  enzymes  in  an  alkaline 
medium  was  checked  by  the  serum  albumin  fraction  of  the  serum 
and  that  this  checking  influence  disappeared  when  the  serum 
albumin  fraction  was  treated  with  a  weak  acid. 

Dernby9  tries  to  explain  the  effect  of  pretreatment  with  acid 
upon  the  subsequent  autolysis  in  an  alkaline  medium  by  assuming 
that  in  the  course  of  the  treatment  with  acid  the  substance  of 
the  organs  is  split  up  mainly  into  albumin  and  peptones  and  not 
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furth\«T,  these  products  forming  the  proper  substrate  for  the 
enzyxx*es  acting  in  an  alkaline  medium.  This  certainly  cannot 
be  thte  only  reason  for  the  autolysis  in  an  alkaline  medium  being 

stronger  after  pretreatment  with  acid.    This  I  believe  to  be 

proved  by  the  following  experiments. 

Ejcj>triment  1 . — Three  specimens  of  the  following  composition  were 
prepared :  25  gm.  of  minced  spleen  +  50  cc.  of  H20  +  MgO  sufficient  to  keep 
the  reaction  slightly  alkaline;  and  three  specimens  were  made  up  of  25  gm. 
of  spleen  +  50  cc.  of  HsO  +  3.6  cc.  of  2.5  per  cent  acetic  acid.  The  speci- 
mens -with  MgO  are  termed  A  and  those  with  acid,  B.  The  whole  is  kept 
at  37°  for  1  day  with  chloroform  and  toluene.  Then  two  specimens  of  each 
kind  were  heated  upon  the  water  bath  for  30  minutes,  after  which  three 
new  specimens  were  made  up  as  follows: 


1 
2 
3 


(A  +  B)  heated  +  15  cc.  of  H,0  +  MgO 
A    heated  +  B  +  15    "    "    "     +       " 
(A  +  B)  heated  +  15    "    "    "     +       " 


The  15  cc%  0f  h20  were  used  for  washing  down  the  substance  from  one 
bottle  into  the  other.  After  2  days  at  37°  50  cc.  of  tannic  acid  were  added 
and  7<5  cc.  of  filtrate  were  taken  for  N  determination.    The  results  were: 


Specimen. 

Control  (110.4)  deducted. 

1 
2 
3 

125.2 
155.0 
110.4 

14.8 

44.6 

fo  ^ill  easily  be  understood  that  at  the  beginning  the  digestion 

specimens,  Nos.  1,  2,  and  3  contained  the  same  quantity  of  pro- 

telt|s,  albumoses,  and  peptones,  half  the  quantity  of  those  in 

Specimens  1  and  2  having  been  heated  to  destroy  the  enzymes 

ancl  the  whole  amount  having  been  heated  in  Specimen  3.    The 

substrate  was  therefore  practically  the  same  in  Specimens  1  and  2, 

out  in  Specimen  1  the  enzymes  present  in  the  spleen  kept  in  a 

weakly  alkaline  medium  were  active  and  in  Specimen  2  the 

enzymes  present  after  treatment  with   acid   were   active.    In 

special  specimens  prepared  in  the  same  way  as  Specimens  1  and  2 

the  pH  was  determined  after  filtration  and  was  found  to  be  8.0 
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for  Specimen  1  and  7.93  for  Specimen  2.  As  can  be  seen  from  the 
figures  obtained,  the  enzyme  action  at  an  alkaline  reaction  was 
very  much  stronger  in  Specimen  2  than  in  Specimen  1. 

Experiment  ft. — In  this  experiment,  carried  out  in  the  same  way  as  the 
one  just  recorded,  the  final  figures,  after  deduction  of  the  control,  were 


No. 


1 
2 


5.6 
44.3 


Experiment  S. — In  this  experiment  Specimens  A  contained  CaCOj  instead 
of  MgO  as  in  the  preceding  experiments.  Therefore,  the  reaction  in  these 
specimens  was  approximately  neutral.  Specimens  B  were  acid  as  before. 
After  24  hours  at  37°  Specimens  1,  2,  and  3  were  prepared  as  before;  except 
CaCOj  was  added  instead  of  MgO.  In  addition  other  specimens  (Speci- 
mens 4, 5,  and  6)  were  prepared  quite  like  Specimens  1,  2,  and  3,  except  50  cc. 
of  casein  solution  were  added  to  each.  After  2  days  at  37°  20  cc.  of  tannic 
acid  were  added  to  Specimens  1,  2,  and  3,  and  50  cc.  to  Specimens  4,  5,  and 
6.  50  cc.  of  filtrate  were  taken  for  N  determination  from  Specimens  1,  2,  3 
and  100  cc.  from  Specimens  4,  5,  and  6.  After  deduction  of  the  controls 
the  results  were : 


No. 

1 

2.3 

2 

8.9 

4 

14.7 

5 

• 

38.5 

The  figures  show  that  the  digestion  in  a  neutral  medium  caused 
by  the  specimens  that  were  previously  kept  with  acid  is  stronger 
than  that  caused  by  the  specimens  kept  in  a  neutral  medium. 
The  same  difference  is  found  if  casein  is  added  as  a  substrate  as 
is  shown  by  the  values  obtained  in  Experiments  4  and  5. 

Experiment  4. — In  this  experiment  CaC08  was  added  to  Specimens  A 
and  no  acid  was  added  to  Specimens  B.  After  1  day  at  37°,  therefore,  the 
reaction  in  Specimen  A  was  approximately  neutral  (pH  6.9)  and  in  Speci- 
men B  weakly  acid  (pH  6.5).    Specimens  1,  2,  and  3  were  prepared  as  above 
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*nd  the  "values  obtained  show  that  even  the  small  amount  of  acid  produced 
by  the  organ  itself  was  sufficient  to  secure  a  larger  amount  of  enzyme  in  B 
than  in  A. 


No. 


1 
2 


20.8 
34.3 


All  the  experiments  recorded  go  to  show  that  after  a  preceding 
treatment  with  acid  the  amount  of  enzyme  present  acting  in  an 
alkaline  or  even  a  neutral  medium  is  larger  than  without  such  a 
previous  treatment.  And  since  the  quantity  of  albumoses  and 
peptones  was  the  same  in  both  cases,  this  cannot  be  explained  in 
the  way  suggested  by  Dernby. 

In  a  set  of  experiments  I  have  tested  whether  the  solution  of 
spleen  enzymes  obtained  by  acting  upon  the  spleen  substance 
for  24  hours  at  37°  with  weakly  alkaline  or  neutral  water  shows 
any  increase  of  activity  after  treatment  with  acid,  but  all  my 
attempts  in  this  direction  have  failed  to  give  any  results.  In 
most  cases  some  enzyme  acting  in  an  alkaline  medium  seems  to 
be  decomposed  by  the  action  of  the  acid,  and  this  destruction 
of  emyme  takes  place  even  if  no  acid  is  added  and  the  acid  reaction 
is  produced  simply  by  dialyzing  the  enzyme  solution  against 
distilled  water;  in  this  way  pH  can  be  brought  down  to  about  6.0. 

The  presence  of  the  solid  spleen  substance  seems  therefore  to 
he  necessary  for  the  demonstration  of  the  effect  of  acid  found  in 
Experiments  1  to  4.  I  have  tried  to  find  out  whether  any  differ- 
ence in  the  effect  of  the  acid  is  produced  if  the  spleen  substance 
is  kept  in  water  for  some  time  before  the  acid  is  added.  One  of 
these  experiments  was  carried  out  in  the  following  way: 

Experiment  5. — Two  sets  of  specimens  were  prepared,  one  (A)  contain- 
"fclOO  gm.  of  minced  spleen  substance  +  300  cc.  of  H,0;  and  the  other 
w  with  2.25  cc.  of  20  per  cent  acetic  acid  in  addition  to  the  constituents 
°f  A.  Both  were  kept  at  37°  for  24  hours;  then  2. 25  cc.  of  acetic  acid  were 
■dded  to  A  and  these  specimens  were  kept  at  37°  for  another  24  hours,  while 
*  was  directly  filtered  and  a  given  part  of  the  filtrate  was  dialyzed  against 
**P  water.  After  24  hours  at  37°  A  was  filtered  and  the  same  volume  of 
^filtrate  as  of  B  was  dialyzed.  It  should  be  noted  that  the  filtration  of 
B  took  place  markedly  faster  than  the  filtration  of  A.  After  the  dialysis 
tta  filtrates  (A  and  B)  were  filled  up  to  the  same  volume  (200  cc.  before 
dialysis  «  253  cc.  after  dialysis).    Before  dialysis  pH  was  found  to  be 
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5.09  for  A  and  5.14  for  B  and  after  dialysis  was  about  8  for  both.  The 
amount  of  non-precipitable  N  in  Filtrates  A  and  B  was  determined  by 
mixing  20  cc.  of  undialyzed  filtrate  with  10  cc.  of  tannic  acid  and  taking 
20  cc.  of  filtrate  for  N  determination.    The  result  was: 

For  Filtrate  A 25.0 

B 25.5 


« 


n 


The  residues  of  A  and  B  obtained  on  filtering  were  thoroughly 
washed  and  extracted  with  casein  as  described  on  page  178.  The 
amounts  of  enzymes  present  in  dialyzed  Filtrates  A  and  B  as 
well  as  those  present  in  casein  extracts  A  and  B  were  compared. 

TABLE  VI. 

3  days  digestion;  40  cc.  of  tannic  acid ;  75  cc.  of  filtrate. 


(20  A  -I-  20  B)  heated  +  25  casein  solution  +  2  NaOH, 

0.1  n 

20  A  heated  +  20  B  +  25  casein  solution  +  2  NaOH, 

0.1  n 

(20  A  +  20  B)  heated  +  25  casein  solution  +  2  NaOH, 

0.1n 

(20  A  +  20  B)  heated  +  25  peptone  solution  +  2  NaOH, 

0.1n 

20  A  heated  +  20B-I-  25  peptone  solution  +  2  NaOH, 

0.1  n 

(20  A  -f  20  B)  heated  +  25  peptone  solution  +  2  NaOH, 

0.1n 

(20  A  +  20  B)  heated  +  25  casein  solution  +  2.5  HC1, 

0.2n ". 

20  A  heated  +  20  B  +  25  casein  solution  +  2.5  HC1, 

0.2n 

(20  A  +  20  B)  heated  +  25  casein  solution  +  2.5  HC1, 

0.2  n 


pH 

Result. 

After 
deduc- 
tion of 
controls. 

8.2 

7.95 

4.45 

15.6 

12.1 

3.5 

8.0 

17.6 

7.6 

22.7 

12.7 

10.0 

5.36 

8.9 

5.4 

15.8 

12.3 

3.5 

The  results  of  the  experiments  with  the  filtrates  are  given  in 
Table  VI. 

All  these  figures  show  that  all  the  specimens  where  Filtrate  B 
was  active  (not  heated)  contained  considerably  greater  amounts 
of  enzyme  than  the  corresponding  specimens  where  Filtrate  A 
was  acting.    Since  the  enzyme  solution  that  was  not  active  was 
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and  the  values  obtained  show  that  even  the  small  amount  of  acid  produced 
by  the  organ  itself  was  sufficient  to  secure  a  larger  amount  of  enzyme  in  B 
than  in  A. 


No. 


1 
2 


20.8 
34.3 


All  the  experiments  recorded  go  to  show  that  after  a  preceding 
treatment  with  acid  the  amount  of  enzyme  present  acting  in  an 
alkaline  or  even  a  neutral  medium  is  larger  than  without  such  a 
previous  treatment.  And  since  the  quantity  of  albumoses  and 
peptones  was  the  same  in  both  cases,  this  cannot  be  explained  in 
the  way  suggested  by  Dernby . 

In  a  set  of  experiments  I  have  tested  whether  the  solution  of 
spleen  enzymes  obtained  by  acting  upon  the  spleen  substance 
for  24  hours  at  37°  with  weakly  alkaline  or  neutral  water  shows 
Hty  increase  of  activity  after  treatment  with  acid,  but  all  my 
attempts  in  this  direction  have  failed  to  give  any  results.  In 
most  cases  some  enzyme  acting  in  an  alkaline  medium  seems  to 
be  decomposed  by  the  action  of  the  acid,  and  this  destruction 
of  enzyme  takes  place  even  if  no  acid  is  added  and  the  acid  reaction 
18  produced  simply  by  dialyzing  the  enzyme  solution  against 
billed  water;  in  this  way  pH  can  be  brought  down  to  about  6.0. 

The  presence  of  the  solid  spleen  substance  seems  therefore  to 
he  necessary  for  the  demonstration  of  the  effect  of  acid  found  in 
^Periments  1  to  4.  I  have  tried  to  find  out  whether  any  differ- 
ence in  the  effect  of  the  acid  is  produced  if  the  spleen  substance 
18  kept  in  water  for  some  time  before  the  acid  is  added.  One  of 
^^  experiments  was  carried  out  in  the  following  way: 

.  Experiment  5. — Two  sets  of  specimens  were  prepared,  one  (A)  contain- 

**  100  gm.  of  minced  spleen  substance  +  300  cc.  of  HtO;  and  the  other 

*  '  with  2.25  cc.  of  20  per  cent  acetic  acid  in  addition  to  the  constituents 

7^"   Both  were  kept  at  37°  for  24  hours;  then  2. 25  cc.  of  acetic  acid  were 

^    ®d  to  A  and  these  specimens  were  kept  at  37°  for  another  24  hours,  while 

.^as  directly  filtered  and  a  given  part  of  the  filtrate  was  dialyzed  against 

3*  water.    After  24  hours  at  37°  A  was  filtered  and  the  same  volume  of 

£* filtrate  as  of  B  was  dialyzed.    It  should  be  noted  that  the  filtration  of 

..  *Ook  place  markedly  faster  than  the  filtration  of  A.    After  the  dialysis 

^?*  filtrates  (A  and  B)  were  filled  up  to  the  same  volume  (200  cc.  before 

^lysis  _  253  cc.  after  dialysis).    Before  dialysis  pH  was  found  to  be 
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5.09  for  A  and  5.14  for  B  and  after  dialysis  was  about  8  for  both.  The 
amount  of  non-precipitable  N  in  Filtrates  A  and  B  was  determined  by 
mixing  20  cc.  of  undialyzed  filtrate  with  10  cc.  of  tannic  acid  and  taking 
20  cc.  of  filtrate  for  N  determination.    The  result  was : 

For  Filtrate  A 25.0 

B 25.5 


« 


u 


The  residues  of  A  and  B  obtained  on  filtering  were  thoroughly 
washed  and  extracted  with  casein  as  described  on  page  178.  The 
amounts  of  enzymes  present  in  dialyzed  Filtrates  A  and  B  as 
well  as  those  present  in  casein  extracts  A  and  B  were  compared. 

TABLE  VI. 

3  days  digestion;  40  cc.  of  tannic  acid;  75  cc.  of  filtrate. 


(20  A  -f  20  B)  heated  +  25  casein  solution  +  2  NaOH, 

0.1  n I  8.2 

20  A  heated  +  20  B  +  25  casein  solution  +  2  NaOH, 

0.1  n 

(20  A  +  20  B)  heated  +  25  casein  solution  +  2  NaOH, 

0.1n 

(20  A  +  20  B)  heated  +  25  peptone  solution  +  2  NaOH, 

0.1  n 

20  A  heated  +  20  B  +  25  peptone  solution  +  2  NaOH, 

0.1  n 

(20  A  +  20  B)  heated  +  25  peptone  solution  +  2  NaOH, 

0.1  N 

(20  A  +  20  B)  heated  +  25  casein  solution  +  2.5  HC1, 
0.2n ". 

20  A  heated  +  20  B  +  25  casein  solution  +  2.5  HC1, 
0.2n 

(20  A  +  20  B)  heated  +  25  casein  solution  +  2.5  HC1, 
0.2n 


pH 

Result. 

After 
deduc- 
tion of 
controls. 

8.2 

7.95 

4.45 

15.6 

12.1 

3.5 

8.0 

17.6 

7.6 

22.7 

12.7 

10.0 

5.36 

8.9 

5.4 

15.8 

12.3 

3.5 

The  results  of  the  experiments  with  the  filtrates  are  given  in 
Table  VI. 

All  these  figures  show  that  all  the  specimens  where  Filtrate  B 
was  active  (not  heated)  contained  considerably  greater  amounts 
of  enzyme  than  the  corresponding  specimens  where  Filtrate  A 
was  acting.    Since  the  enzyme  solution  that  was  not  active  was 
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always  present  as  heated  the  substrate  in  the  two  specimens 
to  be  compared  was  always  the  same.  The  values  obtained  with 
casein  as  substrate  in  an  alkaline  medium  show  that  Filtrate  B 
contained  considerably  more  a-protease  than  Filtrate  A-,  the  speci- 
mens with  peptone  in  an  alkaline  medium  do  not  allow  of  any 
conclusions  as  to  the  amounts  of  erepsin,  since  the  results  can 
be  explained  as  caused  by  the  a-protease,  but  the  results  obtained 
with  casein  in  an  acid  medium  make  it  very  likely  that  the  0- 
protease  is  present  in  a  larger  amount  in  Filtrate  B  than  in 
Filtrate  A. 

In  the  experiments  with  the  casein  extracts  the  specimens  were 
made  up  of  20  cc.  of  casein  extract  A  or  B  +  25  cc.  of  casein 

TABLE  VII. 


Casein. 

Peptone. 

A 

B 

A 

B 

re. 

NaOH  3 

1.35 

1.5 

8.2 

12.55 

2 

1.2 

1.55                     8.35(pH7.50) 

12.45(pH7.50) 

1 

1.35 

1.7 

7.95 

12.25 

0 

2.35 

2.75 

7.55 

11.75 

HC11 

4.3 

6.0 

6.1 

10.4 

2 

4.95  (pH5.45) 

8.0  (pH5.45) 

5.05 

8.35 

3 

4.75 

8.0 

4.6 

7.45 

4 

4.5 

6.85 

4.75 

6.7 

5 

4.15 

6.35 

^tion  or  peptone  solution  and  varying  amounts  of  0.1  x  NaOH 
or  0.2  x  HC1,  a  proper  amount  of  water  making  the  volume 
^e  same  in  all  specimens.     The    results  are  to  be  seen  from 
TaMe  VII. 

The  control  values  that  have  been  deducted  from  the  original 
^res  were  for  casein  A  11.85,  B  18.9;  and  for  peptone  A  23.35 
^d  B  33.35.  From  the  above  figures  obtained  with  casein  as  a 
^bstrate  it  is  evident  that  the  strongest  digestion  in  A  and  B 
^s  place  at  the  same  pH  but  that  the  effect  of  A  is  decidedly 
*s*ker  than  the  effect  of  B.  Therefore,  the  amount  of  0-proteaae 
18  considerably  less  in  A  than  in  B.  The  digestion  of  caaein  in 
an  alkaline  medium  being  very  weak,  there  can  only  be  very  little 
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a-protease  present  in  the  casein  extracts.  The  action  of  the 
casein  extracts  upon  peptone  having  its  maximum  in  an  alkaline 
medium  indicates  the  presence  of  erepsin  in  the  casein  extracts. 
The  strongest  action  takes  place  at  the  same  pH  in  both  cases 
but  it  is  considerably  weaker  in  A  than  in  B. 

All  the  analyses  carried  out  in  the  course  of  this  experiment  go 
to  show  that  on  immediate  addition  of  a  proper  amount  of  acetic, 
acid  to  the  spleen  substance  more  enzymes  are  secured  than  if 
the  addition  of  acid  takes  place  after  the  lapse  of  1  day.  And 
this  seems  to  be  the  case  not  only  concerning  the  a-protease  but 

TABLE  VIII. 


A 

B 

PH 

cc. 

NaOH2 

1.7 

5.55 

7.3 

1 

2.8 

7.85 

0 

*.2 

10.25 

6.68 

HCU 

6  8 

15.3 

2 

8.75 

17.0 

5.7 

3 

8.65 

15.15 

4 

7.6 

11.85 

concerning  the  /3-protease  and  the  erepsin  as  well,  and  this  differ- 
ence is  to  be  found  in  the  solution  obtained  by  the  action  of  the 
acid  as  well  as  in  the  casein  extract  of  the  residue.  The  amount 
of  a-protease  present  in  the  solution  termed  Solution  C  was  in 
this  experiment  a  little  higher  in  the  solution  derived  from  B 
than  from  A,  but  the  difference  was  not  so  material  as  in  the 
other  solutions. 

Experiment  6. — In  another  experiment  on  the  same  subject  only  the 
casein  extracts  A  and  B  were  tested  as  to  their  action  upon  casein.  The 
specimens  were  made  up  of  20  cc.  of  casein  extract  A  or  B  +  25  cc.  of  casein 
solution  +  the  recorded  amount  of  0.1  n  NaOH  or  0.2  n  HC1  and  water  up 
to  the  same  volume  in  all  specimens  3  days  at  37°;  35  cc.  of  tannic  acid; 
50  cc.  of  filtrate.  The  control  values  deducted  were  10.7  for  A  and  17.85 
for  B  (see  Table  VIII). 

The  strongest  action  took  place  with  the  same  amount  of  acid 
(2  cc.)  in  A  and  in  B  corresponding  to  pH  5.7.     In  this  experi- 
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meat,  some  a-protease  seems  to  have  been  present  in  the  casein 
extract,  this  enzyme  as  well  as  the  /3-protease  being  strongly 
reduced  in  casein  extract  A.    This  experiment,  therefore,  gives 
the  same  result  as  the  preceding  one. 

Experiment  7. — In  this  experiment  one  set  of  specimens  (Ai)  was  made  up 
as  follows:  100  gm.  of  minced  spleen  +  300  cc.  of  HsO  +  10  cc.  of  0.1  n 
NaOH.  After  24  hours  at  37°,  5  cc.  of  0. 2  n  HC1  and  2. 25  cc.  of  20  per  cent 
acetic  acid  were  added  and  Ai  was  left  at  37°  for  another  24  hours;  it  was 
then  filtered  and  in  every  respect  treated  as  was  A  in  Experiment  5.  Two 
other  sets  of  specimens,  As  and  B,  were  treated  exactly  as  were  A  and  B  in 
Experiment  5.  In  B,  therefore,  the  acetic  acid  was  added  directly  and  in 
Ai  and  A*  after  24  hours  at  37°.  To  Ai  10  cc.  of  NaOH  were  added  directly 
in  order  partly  to  neutralize  the  acid  formed  in  the  tissue  in  the  course  of 
the  first  24  hours  at  37°.  This  amount  of  NaOH  was  neutralized  before 
the  addition  of  the  acetic  acid.  Consequently  the  reaction  in  Ai  during 
the  first  24  hours  was  kept  less  acid  than  in  As.  pH  was  determined  in  the 
filtrates  after  24  hours  at  37°,  after  24  hours  with  acid,  and  after  dialysis 
°f  the  acid  filtrates. 


^er  24  hours  at  37° 

"     24     "      with  acid  at  37° 
dialvsis 


Ai 


6.82 
5.22 
7.76 


A. 


6.5 

4.14 

8.04 


B 


5.16 
8.14 


The  amount  of  N  was  determined  in  the  filtrates  after  24  hours 
at  37°  and  after  24  hours  with  acid  by  mixing  20  cc.  of  filtrate 
^th  10  cc.  of  tannic  acid  and  taking  15  cc.  of  filtrate  for  the 
determination. 


Ai 

Ai 

B 

Ml**  24  hours  at  37° 

11.4 
19 

13.6 
21.1 

"      24     "      with  acid  at  37° 

25.15 

Specimens  were  prepared  containing  the  dialyzed  filtrates,  Ax 
^d  B,  casein  or  peptone,  and  NaOH  or  HC1  exactly  as  indicated 
above  in  Experiment  5  and  the  test  for  enzymes  was  carried  but 
i&  the  same  way. 
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(20  Ai  +  20  B)  heated  +  25  casein  solution  +  2  NaOH 
20  Ai  heated  +  20   B  +  25       "  "       +2        " 

(20  Ai  +  20  B)  heated  +  25       "  "       +2 

(20  Ai  +  20  B)       "      +25  peptone  solution  +  2 
20  Ai  heated  +  20B  +  25         "  "         +2 

(20  Ai  +  20  B)  heated  +  25         "  "         +2 

(20  Ai  +  20  B)        "      +  25  casein  solution  +  2.25  HC1 
20  Ai  heated  +  20  B  +  25       "  "        +  2.25    " 

(20  A,  +  20  B)  heated  +  25       "  "       +2.25 

(20  Ai  +  20  B)       "      +25  peptone  solution  +  2.25 
20  Ai  heated  +  20  B  +  25        "  "        +  2.25 


it 


tt 


tt 


tt 


tt 


tt 


(20  Ai  +  20  B)  heated  +  25 


+  2.25 


Resulting 
values. 


4.1 
15.8 

2.4 
18.45 
25.35 
13.55 

7.3 
15.1 

2.4 
14.7 
20.1 
13.55 


After  de- 
duction of 
controls. 


1.7 
13.4 

4.9 
11.8 

4.9 

12.7 

1.15 
6.55 


The  corresponding  analysis  with  A2  and  B  gave  the  following 
results: 


(20  A,  +  20  B)  heated 

20  A,  heated  +  20  B 

(20  A2  +  20  B)  heated 

(20  A2  +  20  B) 

20  A8  heated  +  20   B 

(20  A2  +  20  B)  heated 

(20  A,  +  20  B) 

20  A,  heated  +  20  B 

(20  A2  +  20  B)  heated 

(20  A2  +  20  B) 

20  A  2  heated  +  20  B 

(20  42  +  20  B)  heated 


u 


u 


u 


tt 


tt 


+  25  casein  solution  +  2  NaOH 
+  25        "  "        +2 

+  25        "  "        +2 

+  25  peptone  solution  +  2 
+  25  "         +2 

+  25        "  "         +2 

+  25  casein  solution  +  2.25  HC1 
+  25  "        +  2.25 

+  25        "  +  2.25 

+  25  peptone  solution  +2.25 
+  25  "        +2.25 

+  25  "        +2.25 


u 


tt 


tt 


tt 


tt 


Resulting 
values. 

6.3 

15.75 

2.35 

17.8 

25.6 

13.5 

7.65 

15.1 

2.35 

15.3 

19.4 

13.5 

After  de- 
duction of 
controls. 


3.95 

13.4 

4.3 
12.1 

5.3 
12.75 

1.8 
5.9 


pH  was  in  the  specimens  with  casein  and  2  NaOH 
"       "    "      "  "  "    peptone  "  2       " 

"       "    "      "  "  "    casein  and  2.25  HC1 


8.2 

7.86 

5.74 


These  values  of  pH  were  very  nearly  the  same,  in  the  corre- 
sponding specimens  of  the  two  series.  From  the  values  in  the 
last  column  it  can  be  seen  that  the  quantity  of  enzymes  present 
in  B  was  everywhere  larger  than  that  in  Ai  and  A2.  The  latter 
as  a  rule  have  given  roughly  the  same  values,  except  for  the 
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values  corresponding  to  the  action  of  the  a-protease;  this  value 
for  Ai  was  1.7  and  for  A*  3.95.  This  enzyme  was  therefore  de- 
cidedly more  reduced  in  Ai  than  in  A2,  in  all  probability  because 
the  reaction  during  the  first  24  hours  was  less  acid  in  Ai  than 
in  A2.  In  addition  it  should  be  noted  that  the  digestion  of 
casein  by  B  was  a  little  stronger  in  the  alkaline  medium  (pH  8.2) 
than  in  the  acid  one  (pH  5.74) ;  while  the  digestion  caused  by 
Ai  and  A*  was  more  powerful  in  the  acid  medium. 

The  casein  extracts  in  this  experiment  gave  the  following  values 
for  pH:  Ai,  6.14;  Aa,  6.06;  B,  6.04. 

The  quantities  of  enzymes  investigated  were  as  follows: 


(20  A,  +  20  B)  heated  +  25  casein  solution  +  6  NaOH 
20  A,  heated  +  20   B  +  25       "  "        +6 

(20  A,  +  20  B)  heated  +  25       "  "       +6 

20  Ax  +  20  B  "      +25  peptone  solution  +  6 

f°  A,  heated  +  20B  +  25         "  "       +6 

(2°  Ax  +  20  B)  heated  +  25         "  "       +  6 

(2o  Ai  +  20  B)      "      +25  casein  solution+2  HC1+4H,0 
20  A,  heated  +  20  B  +  25        "         "      +  2    " 
iggAi  +  20B)  heated  +  25        "         "      +  2    " 


it 


tt 


u 


u 


tt 


Resulting 
values. 

After  de- 
duction of 
control*. 

32.8 

2.0 

33.2 

2.4 

30.8 

45.95 

7.2 

49.75 

11.0 

38.75 

33.75 

2.95 

39.2 

8.4 

30.8 

In  the  same  way  A*  and  B  were  combined: 
^^  A,  +  20  B)  heated  +  25  casein  solution  +  6  NaOH 


^°   A,  heated  +20B  +  25       «  "       +6 

C2°  A,  +  20  B)  heated  +  25       "  "       +6 

^*  At  +  20  B   heated  +  25  peptone  solution  +  6 
^<>  A,  heated  +   20B  +  25         "  "       +6 

(2°  A,  +  20  B)  heated  +  25         "  "       +  6 

®°  A,  +  20  B)       "      +25  casein  solution  +2HC1+4H,0 
^  A,  heated +  20  B+ 25      '/  "      +2   "   +4 

r3>A,  +  20B)  heated  +  25      "  "      +2    "    +4 


<< 


tt 


tt 


u 


u 


was  in  the  specimens  with  casein  solution  and  6  NaOH      =  7.84 
cc      "    "      «  "  "    peptone  solution  and  6  NaOH  -  7.66 

"      "    "      "  "  "     casein  solution  and  2  HC1         =5.33 


The  digestion  lasted  3  days.    40  cc.  of  tannic  acid  were  added 
wui  75  cc.  of  filtrate  were  taken  for  N  determination. 
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As  usual  the  figures  show  that  only  a  small  amount  of  a-protease 
is  present  in  the  casein  extracts.  But  the  amounts  present  are 
less  in  Ai  and  A2  than  in  B.  The  figures  representing  the  action 
of  erepsin  and  of  /3-pf  otease  likewise  show  that  those  enzymes  are 
present  in  greater  quantities  in  B  than  in  Ai  and  Aj. 

Experiments  show  that  more  enzymes  are  obtained  from  the 
spleen  if  a  proper  amount  of  acid  is  added  directly  to  the  minced 
spleen  mass  than  if  the  same  amount  of  acid  is  added  when  the 
spleen  mass  has  been  kept  in  water  for  24  hours  at  37°  at  an 
alkaline,  neutral,  or  even  weakly  acid  reaction.  One  might  try 
to  explain  this  phenomenon  in  two  ways: 

1.  The  enzymes  might  be  present  in  the  organ  in  an  inactive 
state,  which  could  be  made  active  by  the  acid.  This  explanation 
is  not  consistent  with  the  fact  that  only  small  amounts  of  enzymes 
become  active  when  the  spleen  mass  has  been  kept  for  some 
time. 

2.  The  enzymes  present  in  the  spleen  are  in  some  way  deprived 
of  their  activity  when  the  spleen  is  kept,  and  this  process  is  pre- 
vented by  the  action  of  the  acid.  As  soon  as  the  enzymes  have 
been  deprived  of  their  active  power,  they  cannot  be  made  active 
again  by  the  acid;  and  if  the  acid  has  been  acting  for  a  proper 
time  upon  the  fresh  spleen,  the  enzymes  do  not  lose  their  active 
power  in  a  neutral  or  even  alkaline  medium.  There  does  not 
seem  to  me  to  be  any  objection  to  this  explanation  and  all  the 
observations  recorded  Jn  this  paper  can  be  explained  in  this 
way. 

As  to  the  way  in  which  the  enzymes  are  deprived  of  their 
active  power  nothing  can  be  stated  for  certain.  The  action  of  the 
a-protease  is  inhibited  by  the  serum  albumin  fraction  obtained 
from  the  blood,  and  it  seems  to  be  quite  possible  that  the  inhibiting 
substance  in  the  serum  may  be  present  in  the  spleen  as  well.  This 
might  account  for  the  a-protease  losing  its  activity,  but  since  the 
serum  albumin  fraction  does  not  exercise  any  definite  checking 
action  upon  the  /3-protease  and  upon  the  erepsin,  the  vanishing 
of  these  enzymes  cannot  be  explained  in  this  way.  Other  sub- 
stances inhibiting  the  action  of  these  enzymes  might  be  present 
in  the  spleen,  but  since  the  existence  of  such  substances  has 
not  been  demonstrated,  I  cannot  offer  any  definite  view  on  this 
subject. 


S.  G.  Hedin  201 

CONCLUSIONS. 

IheTCiain  results  of  my  experiments  on  the  proteolytic  enzymes 
present  in  the  spleen  of  the  ox  may  be  summarized  as  follows: 

1.  The  spleen  contains  at  least  three  different  enzymes:  (1)  a- 
protease,  acting  upon  the  spleen  substance  and  upon  casein  in  an 
alkaline  medium  (pH  8.8) ;  (2)  0-protease  acting  upon  the  spleen 
substance  and  upon  casein  in  a  weakly  acid  medium  (pH  about 
5.4);  and  (3)  erepsin  not  acting  upon  casein  but  having  its  most 
powerful  action  upon  Witte's  peptone  at  pH  7.5  to  8.5. 

2.  When  the  fresh  spleen  substance  is  kept  in  an  alkaline, 
neutral,  or  even  very  weakly  acid  medium  (pH  6.5),  the  enzymes 
lose  much  of  their  power  of  action,  but  this  process  is  prevented 
by  the  presence  of  a  little  acid  (e.g.  pH  5.2). 

3.  A  watery  extract  of  the  spleen  obtained  at  about  pH  5.2 
contains  varying  quantities  of  all  the  enzymes  referred  to. 

4.  A  casein  extract  of  the  residue  obtained  on  filtering  off  the 
acid  solution,  contains  mainly  j3-protease  and  erepsin. 

5.  If  the  residue  obtained  on  filtering  off  the  casein  extract  is 
extracted  with  5  per  cent  NaCl  or  MgO,  the  part  of  the  extracted 
substances  not  soluble  in  water  contains  mainly  a-protease. 

The  above  experiments  were  carried  out  with  the  spleen  of  the 
ox.  The  spleen  of  the  horse  gives,  on  the  whole,  the  same  results 
as  far  as  my  experience  goes.  Working  in  the  same  way  as 
described  above  I  found  the  most  effective  action  of  the  casein 
extract  in  the  specimen  containing  20  cc.  of  casein  extract  +  25  cc. 
of  casein  solution  +  4  cc.  of  0.2  n  HC1  corresponding  to  pH  4.93. 
This  concentration  of  the  H  ions  lies  decidedly  more  to  the  acid 
»de  than  was  found  with  the  spleen  of  the  ox.  It  should  be  noted 
that  the  addition  of  the  acid  in  this  case  produced  rather  a  volu- 
nunous  precipitate  of  casein  and  that  the  pH  was  determined 
after  this  precipitate  had  been  removed. 

Saving  experimented  upon  the  spleen  mass  with  1.7  cc.  of 
™  Per  cent  acetic  acid  to  100  gm.  of  spleen  +  300  cc.  of  H20 
or  J  day  at  37°,  I  did  not  succeed  in  demonstrating  the  presence 

°'  the  a-protease  in  the  solution  termed  Solution  C  above,  but 

J^g  2.5  cc.  of  the  acid  to  the  same  amounts  of  spleen  and  H20, 
^cceeded.     The  most  effective  action  of  the  a-protease  upon 

casein  took  place  at  pH  9.31  or  more  to  the  alkaline  side  than  in 

^e  experiments  with  the  spleen  of  the  ox. 
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I  have  carried  out  some  experiments  with  the  spleen  of  the  pig 
as  well.  The  most  important  difference  that  I  have  found  be- 
tween the  spleen  of  the  pig  and  that  of  the  ox  is  that  the  amount 
of  acid  used  for  the  original  treatment  of  the  spleen  mass  should 
not  exceed  1  cc.  of  20  per  cent  acetic  acid  to  100  gm.  of  spleen 
and  300  cc.  of  H2O.  More  acid  seems  to  be  somewhat  injurious 
to  the  enzymes.  An  experiment  exactly  like  Experiment  3 
(page  192)  gave  the  same  result  and,  therefore,  the  presence  of 
acid  prevents  the  enzymes  from  losing  their  active  power. 


EXPERIMENTAL  RICKETS  IN  RATS. 

IX.  THE  DISTRIBUTION    OF   PHOSPHORUS   AND  CALCIUM 

BETWEEN  THE  SKELETON  AND  SOFT  PARTS  OF  RATS 

ON  RACHITIC  AND  NON-RACHITIC  DIETS. 

By  GERTRUDE  F.  McCANN  and  MARION  BARNETT. 

{From  the  Department  of  Pathology  of  the  College  of  Physicians  and  Surgeons, 

Columbia  University,  New  York.) 

(Received  for  publication,  August  21,  1922.) 

In  experimental  studies  of  rickets  it  was  found  (1)  that  rats 
fed  certain  diets,  which  were  poor  in  phosphorus  but  rich  in  cal- 
cium content,  developed  rickets,  while  increasing  the  phosphorus 
in  these  diets  above  certain  levels  invariably  prevented  this  disease. 
Treatment  with  cod  liver  oil  (2)  or  with  light  (3)  also  prevented 
the  development  of  rickets  in  rats  fed  these  diets  without  the 
addition  of  phosphorus. 

It  seemed  of  interest  to  determine  what  occurred  when  diets 

were  given  which  were  extremely  poor  in  phosphorus  or  in  cal- 

aum;  whether  the  bones  and  soft  tissues  shared  the  amount 

Proportionally,  or  whether  a  point  could  be  reached  at  which 

°ne  or  the  other  would  suffer  the  greater  deprivation.     It  was 

bought  that  some  knowledge  of  the  mechanism  of  the  protection 

horded  by  the  oil  and  light  might  be  obtained  by  the  study  of  the 

founts  of  phosphorus  in  the  bones  and  tissues  of  rats  which  had 

k***  kept  on  these  diets  with  and  without  cod  liver  oil  or  light, 

anc*  as  though  it  might  be  indicated  by  such  a  study  whether  the 

m°<i^  of  protection  was  by  a  greater  absorption  and  retention  of 

Phosphorus  by  the  entire  body  or  a  redistribution  of  it  so  that  the 

^^s  could  retain  a  larger  share. 

k^veral  studies  of  the  ash  of  normal  and  rachitic  bones  have 
^tx  reported  (4  to  7).  It  has  been  shown  that  although  the 
l°ta.l  ^  i8  reduced  in  the  rachitic  bones,  the  normal  ratio  of 
^^ixim  and  phosphorus  is  not  materially  changed. 

203 
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McClendon  (8)  states  that  the  skeleton  of  a  white  rat  was  found 
to  contain  82  per  cent  of  the  total  phosphorus  of  the  body  and  that 
"on  the  basis  of  two  such  rats  the  P  content  was  about  5  mgm. 
per  gram  body  weight. "  No  information  is  given  as  to  the  diets 
or  growth  of  these  rats. 

Various  reports  have  been  given  of  the  composition  of  the  bones 
in  animals  fed  experimental  diets  which  were  poor  in  phosphorus 
or  calcium  (9,  10).  Perlzweig  (11)  used  diets  which  he  considered 
to  be  poor  in  phosphorus,  but  when  compared  with  the  diets 
employed  in  our  work  they  do  not  seem  to  be  sufficiently  poor  to 
be  comparable  with  a  rickets-producing  diet,  which  probably 
accounts  for  the  only  slight  variations  from  the  normal  which  he 
obtained.  The  low  calcium  diets  gave  figures  quite  comparable 
to  those  to  be  reported  in  this  paper. 

Heymann  (12)  has  compared  the  phosphate  content  of  the  bones 
and  tissues  of  rats.  He  does  not  describe  the  diets  given  and,  the 
animals  were  evidently  older  than  those  used  in  our  work.  In 
his  normal  rats  he  obtained  an  average  of  1.4964  gm.  of  P2O5 
(0J1  gm.  of  P)  per  100  gm.  of  live  weight  in  the  entire  body,  and 
0.4408  gm.  per  cent  of  P206  (0.21  gm.  of  P)  in  the  tissues.  The 
latter  figure  is  slightly  higher  than  those  reported  for  this  paper. 

Methods. 

White  rats  were  given  the  experimental  diets  (Table  I)  at  the 
age  of  4  weeks.  The  diets  were  continued  for  28  to  30  days. 
Roentgenograms  were  then  made  and  the  rats  killed  by  etheriza- 
tion. The  gastrointestinal  tract  (esophagus  to  rectum)  was  re- 
removed  and  discarded,  for  the  amounts  of  calcium  and  phosphorus 
contained  in  these  organs  were  found  to  be  too  minute  for  accurate 
analysis.  A  piece  of  one  middle  rib  was  removed  for  J  inch  on 
each  side  of  the  costochondral  junction  for  histological  examina- 
tion. The  rat  was  boiled  in  distilled  water  for  5  minutes,  then 
the  skeleton  was  dissected  out.  The  water  used  for  boiling  was 
added  to  the  soft  parts.  The  "large  bones"  in  the  first  series 
were  skull  and  bones  of  the  extremities,  including  the  ilia  and 
scapulae  but  not  the  paws.  The  paws  were  ashed  with  the  other 
small  bones.  In  the  second  series  the  skull  was  ashed  with  the 
small  bones.  This  was  done  because  of  the  difficulty  of  cleaning 
the  skull  and  it  was  felt  that  better  bone  figures  could  be  obtained 
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from  the  other  bones  alone.  To  the  tissues  (evaporated  to  dry- 
ness) Na^COa  was  added  to  prevent  possible  loss  of  phosphorus 
and  to  give  an  ash  more  easily  handled.  This  was  not  done  to 
the  bones  which  in  themselves  have  an  excess  of  bases. 

The  parts  were  ashed  in  platinum  crucibles,  the  ash  was  then 
dissolved  in  concentrated  HC1  on  the  water  bath,  diluted,  and 
heated  for  1  to  3  hours.  The  phosphorus  wras  determined  by  titra- 
tion of  ammonium  phosphomolybdate.  The  calcium  was  deter- 
mined by  McCrudden's  method  (13)  gravimetrically. 

DISCUSSION. 

The  results  of  the  analyses  are  contained  in  Table  III,  and  in 
Table  II  they  have  been  condensed  to  averages.  The  normal 
rats  contained  0.52  to  0.70  gm.  of  phosphorus  and  0.72  to  0.93  gm. 
of  calcium  per  100  gm.  of  body  weight.  The  rachitic  rats  on  Diet 
84  contained  0.45  to  0.49  gm.  of  phosphorus  and  0.60  to  0.81  gm. 
of  calcium.  Those  on  Diet  85  C  had  0.45  to  0.49  gm.  of  phospho- 
rus and  0.66  to  0.72  gm.  of  calcium,  while  those  on  Diet  D  had 
0.38  to  0.42  gm.  of  phosphorus  and  0.41  to  0.47  gm.  of  calcium. 
From  these  data  it  will  be  seen  that  the  rachitic  rats  contained 
less  phosphorus  and  calcium  per  100  gm.  of  body  weight  than  did 
normal  rats.  This  was  especially  marked  when  the  rats  grew 
fairly  well  as  they  did  upon  Diet  D  (Table  I).  This  diet  con- 
tains slightly  less  phosphorus  than  does  Diet  84.  On  Diet  84 
rats  grew  poorly  and  contained  a  greater  amount  of  calcium 
and  phosphorus  per  100  gm.  of  body  weight  than  did  the  rats  on 
Diet  D,  but  the  amounts  were  below  those  found  in  normals 
(Table  II).  The  calcium  figures  obtained  were  less  constant  than 
those  for  phosphorus,  probably  because  the  amounts  used  were 

small. 

« 

The  percentage  of  phosphorus  and  calcium  in  the  ash  of  rachitic 
and  non-rachitic  bones  (Table  III)  was  found  to  be  constant, 
thus  agreeing  with  the  results  recorded  in  the  literature  (4  to  8). 
The  total  ash  content  of  the  bones  is  reduced,  but  the  ratio  of 
phosphorus  and  calcium  remains  unchanged. 

In  normal  rats  68  to  75  per  cent  of  the  total  phosphorus  is  in 
the  bones.  In  rats  developing  rickets  on  Diet  84,  with  poor 
growth,  68  to  71  per  cent  was  found  in  the  bones,  though  the 
total  amount  per  100  gm.  of  rat  was  reduced  slightly  below  the 
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from  the  other  bones  alone.  To  the  tissues  (evaporated  to  dry- 
ness) NaoC03  was  added  to  prevent  possible  loss  of  phosphorus 
and  to  give  an  ash  more  easily  handled.  This  was  not  done  to 
the  bones  which  in  themselves  have  an  excess  of  bases. 

The  parts  were  ashed  in  platinum  crucibles,  the  ash  was  then 
dissolved  in  concentrated  HC1  on  the  water  bath,  diluted,  and 
heated  for  1  to  3  hours.  The  phosphorus  was  determined  by  titra- 
tion of  ammonium  phosphomolybdate.  The  calcium  was  deter- 
mined by  McCrudden's  method  (13)  gravimetrically. 

DISCUSSION. 

The  results  of  the  analyses  are  contained  in  Table  III,  and  in 
Table  II  they  have  been  condensed  to  averages.  The  normal 
rats  contained  0.52  to  0.70  gm.  of  phosphorus  and  0.72  to  0.93  gm. 
of  calcium  per  100  gm.  of  body  weight.  The  rachitic  rats  on  Diet 
84  contained  0.45  to  0.49  gm.  of  phosphorus  and  0.60  to  0.81  gm. 
of  calcium.  Those  on  Diet  85  C  had  0.45  to  0.49  gm.  of  phospho- 
rus and  0.66  to  0.72  gm.  of  calcium,  while  those  on  Diet  D  had 
0.38  to  0.42  gm.  of  phosphorus  and  0.41  to  0.47  gm.  of  calcium. 
From  these  data  it  will  be  seen  that  the  rachitic  rats  contained 
less  phosphorus  and  calcium  per  100  gm.  of  body  weight  than  did 
normal  rats.  This  was  especially  marked  when  the  rats  grew 
fairly  well  as  they  did  upon  Diet  D  (Table  I).  This  diet  con- 
tains slightly  less  phosphorus  than  does  Diet  84.  On  Diet  84 
rats  grew  poorly  and  contained  a  greater  amount  of  calcium 
and  phosphorus  per  100  gm.  of  body  weight  than  did  the  rats  on 
Diet  D,  but  the  amounts  were  below  those  found  in  normals 
(Table  II).  The  calcium  figures  obtained  were  less  constant  than 
those  for  phosphorus,  probably  because  the  amounts  used  were 
small. 

» 

The  percentage  of  phosphorus  and  calcium  in  the  ash  of  rachitic 
and  non-rachitic  bones  (Table  III)  was  found  to  be  constant, 
thus  agreeing  with  the  results  recorded  in  the  literature  (4  to  8). 
The  total  ash  content  of  the  bones  is  reduced,  but  the  ratio  of 
phosphorus  and  calcium  remains  unchanged. 

In  normal  rats  68  to  75  per  cent  of  the  total  phosphorus  is  in 
the  bones.  In  rats  developing  rickets  on  Diet  84,  with  poor 
growth,  68  to  71  per  cent  was  found  in  the  bones,  though  the 
total  amount  per  100  gm.  of  rat  was  reduced  slightly  below  the 
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normal.  The  rats  on  Diet  D,  however,  developing  severe  ricketi 
while  growing  fairly  well,  had  only  56  to  62  per  cent  of  theii 
total  phosphorus  in  the  bones.  This  percentage  was  lowest  ir 
the  rats  which  grew  best.  Apparently  in  the  more  rapidly 
growing  animals  the  soft  tissues  are  able  to  take  up  and  retain 
a  greater  proportion  of  the  phosphorus  from  a  very  limited 
supply,  thus  reducing  the  share  of  the  bones  below  that  which 
is  found  when  growth  is  not  so  rapid. 

Since  almost  all  (95  per  cent)  the  body  calcium  is  found  in  the 
bones  in  all  of  these  animals  no  significant  changes  were  found 
in  its  distribution.  The  total  calcium  per  100  gm.  of  rat  shows  a 
change  similar  to  that  found  for  the  total  phosphorus. 

In  the  type  of  rickets  produced  by  a  diet  rich  in  phosphorus  but 
poor  in  calcium  (Diet  85  C)  there  is  no  marked  difference  in  the 
bone  analysis  from  that  found  in  the  type  of  rickets  produced  by 
Diet  84,  which  was  low  in  phosphorus  and  high  in  calcium  content, 
Although  the  pathological  picture  of  the  rickets  produced  by 
Diet  85  C  (1)  differs  somewhat  from  that  developed  on  Diet  84. 
the  phosphorus  and  calcium  contents  of  the  bones  and  of  the 
tissues,  whether  calculated  in  percentage  of  live  weight  or  of  dry 
weight  of  rat,  are  all  within  the  same  ranges,  and  are  definitely 
below  the  normal  figures.  The  phosphorus  which  is  found  in  the 
soft  tissues  is  decreased  in  spite  of  the  fact  that  the  phosphorus 
content  of  the  diet  is  high. 

This  point  is  of  especial  interest  in  that  it  tends  to  support  the 
view  that  the  two  types  of  rickets  have  more  in  common  thai 
the  somewhat  diverse  anatomical  pictures  might  indicate.  More- 
over, the  fact  that  the  same  abnormal  bone  composition  can  be 
produced  by  two  diets  having  opposite  calcium  and  phosphorus 
values  would  seem  to  indicate  that  this  abnormal  mineral  content 
of  the  bones  is  not  the  result  of  a  simple  deficiency  of  one  or  the 
other  element,  but  that  some  intermediary  mechanism  must  come 
into  play. 

Rats  on  Diet  84,  in  which  the  development  of  rickets  had  been 
prevented  by  the  administration  of  cod  liver  oil  or  by  exposure  tc 
light,  contain  amounts  of  phosphorus  in  the  entire  body  which 
are  normal  or  even  above  the  normal  figures  calculated  per  100  gm. 
of  rat  (Table  II).  In  these  treated  rats  the  bones  contained 
72  to  76  per  cent  of  the  total  phosphorus,  a  figure  well  within  the 
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normal  range  although  certain  of  these  rats  grew  almost  as  well  as 
the  unprotected  rats  on  Diet  D,  in  which  only  56  to  62  per  cent 
occurred  in  the  bones.  There  seems,  therefore,  to  be  an  indication 
of  an  increased  utilization  of  phosphorus  by  the  entire  body  in 
animals,  which  are  protected  by  light  or  by  cod  liver  oil  from  de- 
veloping rickets  on  a  diet  poor  in  phosphorus.  There  is  possibly, 
also,  an  increased  percentage  of  phosphorus  in  the  bones.     This 

• 

is  very  slight,  however,  on  the  diets  used,  in  which  good  growth  is 
Qot  obtained.  It  is  unfortunate  that  prevention  experiments 
**ere  not  carried  out  on  Diet  D  at  this  time,  as  the  changes  in 
distribution  should  have  been  more  marked  with  this  diet. 

SUMMARY  AND    CONCLUSIONS. 

1.  Rachitic  rats  contain  less  phosphorus  and  calcium  per  100 
^na-  of  body  weight  than  do  normal  rats.  This  is  most  marked 
where  greatest  growth  has  occurred. 

2.  This  reduction  is  the  same  whether  the  rickets  has  been 
Produced  by  a  diet  poor  in  phosphorus  and  rich  in  calcium  or  by 
0lle  poor  in  calcium  and  rich  in  phosphorus. 

3.  In  rachitic  rats,  the  bones  may  contain  a  smaller  percentage 
*jf   the  total  phosphorus  than  is  found  in  normal  rats.     This 

"fcrence  is  not  marked — except  where  fair  growth  has  occurred. 
,.  ^«  When  rickets  is  prevented  from  developing  in  rats  given  a 

et  poor  in  phosphorus  but  rich  in  calcium  by  administration  of 
T^*  liver  oil  or  by  exposure  to  light,  the  total  phosphorus  and  cal- 

*****  content  per  100  gm.  of  body  weight  is  well  within  the  normal 
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THE  TRYPTOPHANE  CONTENT  OF  SOME  PROTEINS. 

By  CLARENCE  E.  MAY  and  EMBREE  R.  ROSE. 

{From  the  Physiological  Chemistry  Laboratory  of  the  University  of  Indiana, 

Bloominqton.) 

(Received  for  publication,  August  7,  1922.) 

In  the  present  work  we  have  devised  a  method  for  the  deter- 
mination of  tryptophane  dependent  on  the  fact  that  when  trypto- 
phane is  liberated  by  heating  the  protein  with  hydrochloric  acid 
in  the  presence  of  Ehrlich's  reagent  (p-dimethylaminobenzalde- 
hyde),  a  reaction  takes  place  resulting  in  the  production  of  an 
intense  blue  color.  Although  Ehrlich  used  a  solution  of  very 
dilute  sodium  nitrite  to  aid  in  the  production  of  the  blue  color, 
the  present  authors  have  not  used  any  sodium  nitrite  for  the 
development  of  the  blue  color.  We  have  tried  various  methods 
of  hydrolysis  of  the  proteins  including  the  pancreatic  digestion 
method  of  Herzfeld,1  hydrolysis  by  means  of  the  Ba(OH)2  method 
of  Homer,2  and  hydrolysis  by  means  of  varying  concentrations 
of  acids  at  varying  temperatures  for  varying  times  and  have  found 
what  we  believe  to  be  the  best  conditions  for  the  development  of 
the  color.  We  have  taken  the  tryptophane  content  of  casein 
as  our  standard  and  have  compared  the  various  other  proteins 
with  this  standard.  We  calculated  the  tryptophane  content  of 
the  various  proteins  on  the  basis  that  1.5  gm.  of  tryptophane  were 
yielded  by  the  hydrolysis  of  100  gm.  of  casein. 

As  results  of  preliminary  work  in  the  development  of  the 
method  we  used  later  for  the  determination  of  the  tryptophane 
content  of  some  twelve  purified  proteins,  we  established  the 
following  facts. 

An  intense  blue  color  suitable  for  colorimetric  comparisons  was 
produced  by  the  amount  of  tryptophane  present  in  0.1  gm.  of 
casein  hydrolyzed  and  diluted  to  a  volume  of  100  cc. 

1  Herzfeld.  E.t  Biochem.  Z.,  1913,  lvi,  258. 
•Homer,  A.,  J.  Biol.  Chem.%  1915,  xxii,  369. 
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The  p-dimethylaminobenzaldehyde  reagent  (a  5  per  cent  solu 
tion  of  the  aldehyde  in  10  per  cent  sulfuric  acid),  produced  mor 
color  when  it  was  added  to  the  digestion  mixture  of  protein  befor 
hydrolysis  had  taken  place.  Only  as  little  as  1.0  cc.  of  the  reagen 
was  necessary  for  the  production  of  the  maximum  intensity  o 
color  when  working  with  0.1  gm.  of  dry  protein. 

The  best  conditions  for  hydrolysis  of  the  protein  were  obtained 
when  50  cc.  of  concentrated  c.p.  HC1,  50  cc.  of  water,  and  l.( 
cc.  of  the  reagent  were  mixed.  To  this  mixture,  weighed  portion 
of  protein  (0.05  to  0.1  gm.)  were  added  and  the  mixture  was  in 
cubated  at  35°C.  for  24  hours  and  then  allowed  to  stand  24  hour 
or  longer  at  room  temperature.  This  procedure  gave  blue-colore< 
solutions  when  tryptophane-containing  proteins  were  hydrolyzed 
The  solutions  varied  only  in  intensity  of  color.  When  the  hydroly 
sis  was  brought  about  by  other  means,  there  resulted  solution 
of  less  intense  blue  color  or  solutions  of  a  green  or  reddish  shade 

The  color  produced  was  permanent  for  at  least  10  days  an< 
probably  for  a  considerably  longer  time. 

The  authors  hydrolyzed  thirteen  proteins  as  follows;  0.05  gm 
and  0.1  gm.  portions  of  each  protein  were  accurately  weighed  an< 
added  to  separate  solutions  of  100  cc.  of  1 :1  c.p.  HC1  containinj 
1  cc.  of  Ehrlich's  p-dimethylaminobenzaldehyde  reagent.  Th< 
digestions  were  at  35°C.  for  24  hours  followed  by  a  standing  in 
terval  for  40  hours  at  room  temperature.  The  resulting  solu 
tions  were  all  clear  and  possessed  a  clean  blue  color.  Thes» 
solutions  were  matched  colorimetrically  in  a  colorimeter.  Tabl 
I  shows  the  results. 

Since  the  above  work  was  finished,  Folin  and  Looney*  hav 
published  some  results  relative  to  the  tryptophane  content  o 
several  proteins.  We  did  not  study  the  same  proteins  that  the; 
studied.  The  last  column  in  Table  I  shows  the  particular  pro 
teins  we  studied  in  common  and  the  figures  given  represent  th 
results  of  the  work  of  Folin  and  Looney.  They  are  given  her 
for  the  sake  of  comparison. 

1  Folin,  O.,  and  Looney,  J.  M.,  /.  Biol.  Chem.,  1922,  li,  433. 
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TABLE  I. 

Protein  compared 
with  0.1  gin.  casein 
standard. 

Amount. 

Colorimeter 
reading  of 
unknown. 

Colorimeter 
reading  of 

0.1  gm. 
casein 

solution. 

Tryptophane 

content  in 

the  protein. 

Tryptophane 

content  in 

the  protein 

(Folin  and 

Looney). 

gm. 

mm. 

tntn. 

per  cent 

percent 

Casein 

0.05 
0.05 

50 
50 

25 
40 

1.5 
2.4 

1.54 

Lactalbumin 

M 

0.1 

50 

80 

Gliadin 

0.05 
0.1 

100 
50 

35 
35 

1.05 

1.14 

ft 

Glutenin 

0.05 

50 

30 

1.80 

1.68 

i< 

0.1 

50 

60 

Edestin 

0.05 
0.1 

0.05 
0.1 

50 
50 

50 
50 

27 
.  50 

28 
55 

1.5 
1.65 

1.4 

u 

Glycinin 

u 

Ovovitellin 

0.05 

50 

33 

1.74 

u 

0.1 

50 

58 

%  albumin 

0.05 

100 

38 

1.11 

1.23 

"              u 

•  •  •  ■  • 

0.1 

50 

37 

flianeolin 

0.05 

100 

27 

0.80 

«c 

0.1 

100 

53 

Maiae  gluten 

0.05 

100 

37 

1.08 

"               « 

0.1 

50 

36 

Legumin  (vetch) . 

0.05 

100 

35 

1.05 

««                   « 

m 

0.1 

50 

35 

Zein. 

0.05 

No  color. 

0.00 

O.CO 

u 

0.1 

0.05 
0.1 

0.00 

Gelatin 

0.00 

<« 
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SUMMARY. 

1.  Only  by  gentle  hydrolysis  of  a  protein  can  the  whole  of  tl 
tryptophane  be  obtained.  With  more  vigorous  conditions  f 
the  hydrolysis,  a  portion  of  the  tryptophane  is  lost. 

2.  The  best  time  to  form  the  product  of  condensation  of  try 
tophane  and  p-dimethylaminobenzaldehyde  is  during  the  liber 
tion  of  the  tryptophane  from  the  protein  molecule  before  it  h 
a  chance  to  be  decomposed  by  the  excess  of  free  mineral  acidil 

3.  The  color  of  the  digestion  mixtures  varies  directly  as  t 
tryptophane  content  of  the  proteins. 

4.  The  method  has  a  great  advantage  in  that  only  small  amous 
of  material  are  needed  for  the  determinations. 

The  authors  wish  to  express  their  gratitude  and  thanks 
Dr.  T.  B.  Osborne  of  the  Connecticut  Agricultural  Experim* 
Station  for  furnishing  them  with  the  purified  proteins  needed, 
carrying  on  this  work. 
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Although  the  rations  which  are  commonly  used  in  the  biological 
method  of  food  analysis  are  usually  referred  to  as  purified,  the 
tact  remains  that  the  ideal  pure  ration  has  not  been  attained.     It 
18  a  comparatively  easy  matter  to  prepare  pure  casein  (the  protein 
commonly  used  in  such  rations),  pure  dextrin,  and  a  chemically 
Pure  salt  mixture,  but  when  the  food  factors  are  added  which  are 
Necessary  for  the  growth  and  well  being  of  an  animal,  the  extent 
to  which  these  purified  constituents  are  being  contaminated  with 
unknown  substances  in  many  cases  is  not  fully  appreciated.    Be- 
muse it  is  necessary  to  add  comparatively  small  amounts  of  these 
accessory  factors  in  order  to  promote  satisfactory  growth,  the 
same  care  has  not  been  taken  in  securing  them  as  pure  from  un- 
necessary contamination  as  has  been  done  in  securing  pure  protein, 
carbohydrate,   and  inorganic  salts.    For  example,    the  factors 
^taurines  A  and  B  are  obtained  from  certain  animal  and  plant 
tissues  and  for  this  reason  are  difficult  to  separate  from  other  cell 
constituents  with  which  they  are  associated.    In  fact  there  have 
been  few  attempts  to  obtain  either  of  these  vitamines  in  the  pure 
state. 

Possibly  vitamine  A  is  more  easily  obtained  in  a  condition  less 
contaminated  by  adhering  substances  than  vitamine  B.  In 
animal  fats,  at  least,  with  the  possible  exception  of  cod  liver  oil, 

*  Published  with  the  approval  of  the  Director  as  paper  No.  341,  Journal 
Series  Minnesota  Agricultural  Experiment  Station.  A  preliminary  report 
appears  in  the  Proceedings  of  the  Society  for  Experimental  Biology  and 
Medicine  (Kennedy,  C,  and  Palmer,  L.  S.,  Proc.  Soc.  Exp.  Biol,  and  Med., 
1921-22,  xix,  362). 
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vitamine  A  is  associated  almost  entirely  with  substances  of  a 
known  chemical  character  such  as  glycerides,  sterols,  phosphatides, 
and  pigments,  whose  r61e  in  nutrition  can  be  and  has  been  meas- 
ured. Not  as  much  is  known,  however,  regarding  the  chemical 
character  of  the  substances  in  extracts  from  both  animal  and  plant 
tissues.  There  is,  moreover,  no  satisfactory  standard  by  which 
to  judge  the  purity  of  either  vitamine,  and  there  will  not  be  such 
a  standard  until  the  nature  of  the  vitamines  themselves  is  under- 
stood. The  amount  of  nitrogen  present  is  not  wholly  satisfactory 
as  a  gauge  of  the  purity  of  vitamine  preparations,  but  at  present 
is  practically  the  only  one  available.  In  extracting  vitamine  B, 
at  least,  from  either  plant  or  animal  tissue  the  majority  of  the 
extraneous  substances  extracted  are  of  a  nitrogenous  character. 

It  is  important  in  certain  lines  of  work  that  a  minimum  amount 
of  unknown  nitrogen  be  added  to  the  ration  and,  in  fact,  it  is 
desirable  in  any  case  where  the  ration  is  in  all  other  respects 
highly  purified  to  add  with  the  accessory  food  factors  just  as  small 
amounts  as  possible  of  substances  of  unknown  character.  For 
example,  if  as  active  a  preparation  of  vitamine  B  can  be  obtained 
after  reducing  the  amount  of  nitrogen  present  by  means  of  a  special 
manipulation,  then  it  is  desirable  to  use  such  a  preparation  of  the 
active  factor  with  every  purified  ration.  With  this  consideration 
in  mind,  we  have  endeavored  to  ascertain  whether  or  not  we  could 
replace  with  yeast  the  wheat  embryo  preparation  of  vitamine  B 
we  have  been  using  in  our  work. 

For  several  years  it  has  been  generally  considered  that  yeast  is  a 
very  rich  source  of  vitamine  B;  in  fact  it  is  more  generally  used, 
in  experimental  work,  as  a  source  of  this  factor  for  purified  rations 
than  any  other  naturally  occurring  food.  For  this  reason  and  also 
because  it  is  inexpensive  and  easily  prepared  for  use,  we  desired  to 
adopt  it  as  a  source  of  this  vitamine  instead  of  the  more  difficultly 
prepared  wheat  embryo  extract.  The  results  which  we  have  ob- 
tained have  been  somewhat  of  a  surprise  to  us  inasmuch  as  the 
potency  of  yeast  as  a  source  of  vitamine  B  has  apparently  never 
been  questioned. 

Hopkins  (1),  who  was  the  first  to  add  yeast  to  a  purified  ration, 
reported  that  the  alcoholic  extract  of  yeast  added  to  purified 
rations  greatly  accelerated  growth  in  young  rats.  Funk  and 
Macallum  (2)  have  shown  that  if  1  per  cent  of  the  ration  is  yeast, 
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young  rats  will  grow  for  a  short  time,  after  which  they  begin  to 
decline;  but  that  if  at  least  3  per  cent  is  added,  satisfactory  growth 
results.  Drummond  (3)  has  produced  satisfactory  growth  in 
young  rats  when  from  3  to  6  per  cent  of  the  ration  consisted  of 
dried  yeast,  although  6  per  cent  gave  more  satisfactory  growth 
than  3  per  cent.  The  same  author  has  also  shown  that  marmite, 
a  commercial  preparation  of  yeast  extract  used  as  a  substitute 
for  meat  extract  in  the  preparation  of  soup  cubes,  will  produce 
satisfactory  growth  when  equal  to  6  per  cent  of  the  ration. 

Macallum  (4)  found  that  either  2  or  6  per  cent  of  dried  brewer's 
yeast  gave  satisfactory  results  over  short  periods  of  time,  but 
that  for  prolonged  feeding  experiments  fresh  whole  yeast  or  auto- 
lyzed  yeast  liquor  was  necessary  for  the  maintenance  of  the  normal 
growth  rate.  He  attributed  the  failure  to  grow  on  dried  yeast 
for  longer  periods  of  time  to  deterioration  of  the  growth  factor 
through  drying,  for  when  fresh  moist  yeast  was  substituted  in 
amounts  equivalent  to  the  amount  of  dried  yeast  used,  there  was 
an  immediate  resumption  of  growth.  However,  in  the  growth 
curves  presented  by  Macallum  for  experiments  of  prolonged  dura- 
tion, there  is  seen  a  decided  flattening  of  the  curve  at  about  the 
100th  day  of  the  experiment,  which,  of  course,  may  have  been  due 
to  insufficient  amounts  of  both  vitamines  B  and  A  as  no  source  for 
vitamine  A1  was  provided  in  the  ration.  That  the  yeast  is  in 
part  responsible  for  the  flattening  of  the  curves  is  shown  by  the 
fact  that  even  the  growth  curves  for  the  rats  which  received  18 
per  cent  butter  fat  in  their  rations  flattened  considerably  at  about 
the  same  time. 

Hawk,  Fishback,  and  Bergeim  (5)  have  reported  satisfactory 
growth  in  young  rats  on  rations  which  carried  5  per  cent  of  the 
dried  household  compressed  yeast  (Fleischmann)  as  their  sole 
source  of  vitamine  B.  None  of  these  experiments  extended  over 
periods  of  from  10  to  13  weeks,  a  period  in  which  we  have  shown 
that  young  rats  may  grow  normally  on  a  ration  of  low  vitamine 
content  (6).  Osborne  and  Mendel  (7)  have  fed  small  quantities 
°f  dried  brewer's  yeast  either  separately  or  incorporated  in  their 

1  That  Macallum  obtained  remarkably  good  growth  for  a  period  of  100 
"^ya  on  a  purified  ration  which  contained  lard  (autoclaved  for  3  hours  at 
^O^C.)  as  the  only  fat  may  be  explained  by  the  fact  that  the  casein  in  his 
ration  may  have  carried  a  small  amount  of  vitamine  A. 
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purified  food  mixtures  to  render  these  mixtures  as  efficient  fo 
promoting  growth  as  those  that  contained  their  natural  protein 
free  milk.  With  1.5  per  cent  of  dried  yeast  to  furnish  the  growth 
promoting  vitamine  B  young  rats  of  50  gm.  body  weight  grew  U 
maturity  and  .sometimes  produced  young,  although  none  wa 
reared.  Later  (8)  they  state  that  although  rats  will  grow  U 
adult  size  when  yeast  is  the  sole  source  of  vitamine  B,  the  rati 
are,  with  few  exceptions,  sterile.  They  also  state  that  yeast  ii 
not  as  efficient  as  their  naturally  occurring  food  products  in  pro 
moting  growth. 

Although  no  attempt  has  been  made  to  give  a  complete  r£sum< 
of  the  literature  bearing  on  the  use  of  yeast  as  a  source  of  vitamine  I 
for  purified  rations,  the  conclusions  can  be  drawn  that  yeast  ii 
quite  generally  accepted  as  a  reliable  source  of  the  factor. 

In  the  work  which  will  be  reported  in  this  paper  it  has  been  ou 
endeavor  to  find  out  the  lowest  level  at  which  yeast  could  be  fe< 
to  growing  rats  and  still  produce  results  which  were  as  satisfactory 
as  those  given  by  the  use  of  the  alcoholic  Extract  of  ether-extracte< 
wheat  embryo.  We  have  fed  groups  of  rats  in  colonies  on  a  basa 
ration  of  purified  casein  18  per  cent,  salts  (9)  3.7  per  cent,  aga 
2  per  cent,  butter  fat  5  per  cent,  with  dextrin  to  make  100  per  cent 
and  have  supplied  the  vitamine  B  in  the  form  of  dried  yeast  o 
various  sources,  both  as  an  integral  part  of  the  ration  or  separately 
in  the  form  of  a  tablet.  In  reporting  our  results,  we  have  take] 
into  consideration  the  amount  of  nitrogen  added  to  the  ration  ty 
the  yeast  and  also  the  actual  weight  of  pure  yeast  that  was  neces 
sary  to  add  to  obtain  growth.  We  believe  that  this  last  considers 
tion  is  of  importance,  and  should  be  taken  into  account  in  reportinj 
the  amount  of  yeast  used.  Unless  the  yeast  is  prepared  especially 
for  laboratory  use,  it  will  be  diluted  with  starch  or  other  "  filler. ' 
Previous  investigators  have  apparently  either  failed  to  take  thi 
into  account  or  have  not  reported  their  results  on  the  basis  of  th 
actual  amount  of  yeast  fed.  The  result  is  that  it  is  not  possibl 
to  compare  their  data. 

Experiment  1,  Lots  1,2,8,  4,  and  5,  Chart  L — The  yeast  used  in  Lots  1  U>< 
of  this  experiment  was  a  baker's  yeast  (Fleischmann)  containing  about  1 
per  cent  yeast  in  the  fresh  condition .  As  soon  as  received  at  the  laboratory 
the  yeast  was  crumbled  into  small  pieces  and  dried  as  rapidly  as  possible  a 
room  temperature  before  an  electric  fan.  The  dried  product  container 
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approximately  40  per  cent  yeast,  the  remaining  ingredient  being  practically 
all  starch,  which  is  added  by  the  manufacturer  primarily  to  increase  the 
keeping  qualities  of  the  yeast.    This  yeast  was  added  to  the  rations  to 
furnish  pure  yeast  in  amounts  varying  from  0.8  to  4  per  cent  (equivalent  to 
2  to  10  per  cent  of  the  dried  product).    In  Lots  1  and  2,  which  received, 
respectively,  0.8  and  1.6  per  cent  of  the  pure  yeast  in  their  ration,  Rat  214 
was  the  only  individual  whose  growth  curve  approximated  normal.    Two 
of  the  six  rats  in  Lot  3,  whose  ration  contained  2.4  per  cent  pure  yeast 
(equivalent  to  6  per  cent  dried  product)  made  normal  growth  for  12  weeks 
which  was  the  duration  of  the  experiment.    Three  of  the  four  rats  in  Lot  4r 
receiving  4  per  cent  of  the  pure  yeast  (equivalent  to  10  per  cent  of  dried 
product),  made  practically  normal  growth  except  for  the  last  4  weeks  of  the 
experiment  when  there  was  a  decided  flattening  of  their  growth  curve- 
There  were  no  indications  that  the  increasing  concentrations  of  yeast  in  the 
rations  of  the  rats  of  Lots  1  to  4  had  the  accumulative  stimulating  effect  on 
the  appetite  which  might  be  inferred  from  the  reports  of  the  results  of  yeast 
feeding  to  animals  suffering  from  a  complete  absence  of  vitamine  B.    For 
example,  Karr  (10)  and  Cowgill  (11)  have  found  that  yeast  will  restore  the 
appetite  of  dogs  which  had  been  fed  on  diets  lacking  vitamine  B  and  were 
in  the  condition  of  self-imposed  inanition  which  precedes  polyneuritis. 
Apparently  one  is  not  jusified  in  concluding  from  these  results  that  addition 
of  yeast  to  diets  merely  deficient  in  vitamine  B  will  bring  about  a  similar 
stimulation  to  the  appetite. 

Nine  of  the  twenty-two  rats  in  Lots  1  to  4  were  females  but  none  of  these 
produced  young  during  the  period  of  the  experiment. 

Lot  5  was  fed  a  dried  brewer's  yeast  obtained  fresh  from  a  local  brewery. 
When  received  at  the  laboratory,  this  yeast  was  in  the  form  of  a  fluid  con- 
taining considerable  of  the  wort  still  undergoing  fermentation.  It  was 
dried  to  about  one-fourth  of  its  volume  in  a  hot  air  current,  the  drying  being 
then  completed  in  a  hot  water  oven.  The  product  was  of  a  dark  brown 
color  and  had  an  intensely  bitter  taste.  During  the  first  4  weeks  of  the 
experiment,  the  basal  ration  contained  2  per  cent  of  this  yeast,  and  during 
this  period  only  one  individual,  Rat  362,  made  normal  growth .  On  increas- 
es the  level  of  the  dried  yeast  to  10  per  cent  of  the  ration,  the  growth  was 
stimulated  somewhat  but  at  the  end  of  10  weeks  in  no  case  was  the  weight 
greater  than  one-half  the  normal  for  that  age.  When  these  rats  were 
transferred  to  the  rations  of  our  breeding  colony,  which  consists  of  mixed 
grains,  meat  scraps,  and  milk,  their  growth  curves  arose  sharply  toward  the 
normal.  When  the  same  yeast  was  fed  separately  to  the  rats  in  Experiment 
-  at  the  rate  of  0.2  and  0.4  gm.  per  day  per  rat,  the  results  were  no  better 
than  when  the  yeast  was  incorporated  in  the  ration"  at  the  level  of  10  per 
cent.  The  failure  of  the  brewer's  yeast  used  in  this  experiment  to  promote 
normal  growth  is  surprising  in  view  of  the  fact  that  Osborne  and  Mendel 
have  had  remarkable  success  with  this  kind  of  yeast.  This  failure  of  our 
yeast  to  supply  sufficient  amounts  of  vitamine  B  to  promote  normal 
growth  may  be  due  either  to  large  amounts  of  impurities  in  the  yeast  or  to 
our  mode  of  preparing  it  for  use. 
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Chart  1.  The  curves  of  Lots  1  to  5  inclusive  represent  the  rate  of  growth 
of  the  rats  which  obtained  their  vitamine  B  from  air-dried  baker's  yeast 
mixed  in  the  ration  in  the  following  proportions: 

Lot  1 2  per  cent  yeast  equivalent  to  0.8  per  cent  pure  yeast. 

"       O  A     it  «  tt  «  i*     1    «     it  it  it  U 

*'    o  fi  "        "         u  *l  il  2  4  "        "         u  li 

"a  10  "        "         u  il  "40  "        "         '*  ** 

The  ration  of  Lot  5  contained  2  per  cent  of  dried  brewer's  yeast  for  the 
first  4  weeks  of  the  experiment  when  the  amount  was  increased  to  10  per 
cent.  As  there  was  no  indication  that  growth  would  be  normal  on  this 
amount,  the  rats  were  taken  off  of  the  experimental  feeding  at  the  end  of  10 
weeks  and  put  on  our  stock  food  with  the  result  that  the  curves  arose 
abruptly  toward  the  normal.  The  rats  of  Lot  6  received  the  same  basal 
ration  as  the  rats  of  the  other  groups  with  the  exception  that  vitamine  B  was 
derived  from  the  alcoholic  extract  of  wheat  embryo  instead  of  yeast. 
Each  100  gm.  of  ration  carried  the  extract  of  15  gm.  of  wheat  embryo. 
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Experiment  t,  Lots  7,  8,  and  9,  Chart  t.— The  results  of  Experiment  I 
were  so  unsatisfactory  and  unlike  those  of  other  investigators  using  yeast 
as  a  source  of  vitamine  B  that  we  decided  that  either  the  rats  did  not  eat 
enough  of  their  food  to  get  the  required  amount  of  vitamine  or  else  tbe  type 
of  yeast  was  at  fault.  We  therefore  modified  the  procedure  by  feeding  the 
same  yeast  separately  from  the  ration  in  the  form  of  pellets.  As  there  was 
no  difficulty  in  getting  the  rats  to  eat  the  entire  pellet,  failure  of  the  rata  to 
grow  on  their  allotted  amount  could  only  mean  that  there  was  not  enough 
vitamine  in  the  yeast  to  promote  normal  growth.  For  the  first  4  weeks  of 
the  experiment  the  rats  of  Lot  7  were  given  pellets  made  of  0.2  gm.  of  dried 
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Chart  2.  These  rats  derived  their  vitamine  B  from  yeast  pellets  fed  aepan 
from  the  ration.  For  the  first  4  weeks  of  the  experiment  (point  x  on  curve}  the  r»< 
Lot  7  received  daily  0.2  gm.  pellets  of  brewer's  yeast.  Pellets  of  baker's  yeast  w< 
big  0.2  gin.  were  then  fed  up  to  the  point  marked  1  on  curve,  when  the  amoun 
yeast  was  increased  to  0.(1  Km.  The  rats  of  Lot  8  were  given  pellets  of  brewer's  j 
weighing  0.4  gm.  up  to  the  point  marked  x  on  curve,  when  the  yeast  was  changt 
baker's  ycust  and  fed  in  the  same  amount  to  the  point  marked  1  on  curve, 
amount  was  then  increased  to  0.6  gm.  The  rats  of  Lot  9  received  daily  from 
beginning  of  the  experiment  pellets  of  baker's  yeast  weighing  0.6  gm. 
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brewer's  yeast.  Three  of  the  five  rats  failed  to  make  any  growth  during  this 
period,  one  rat,  No.  385,  made  about  three-fourths  normal  growth,  and 
another  rat,  No.  383,  made  better  than  normal  growth.  As  the  rats  of 
Lot  8  were  getting  this  same  yeast  at  a  higher  level,  i.e.  0.4  gm.  daily,  and 
were  also  far  below  the  normal  in  their  growth,  both  lots  were  changed  at 
this  point  to  the  baker's  yeast  used  in  Experiment  1  made  into  pellets  con- 
taining 0.08  and  0.16  gm.  of  pure  yeast,  respectively,  (equivalent  to  0.2  and 
0.4  gm.  of  dried  product).  In  Lot  7  two  of  the  rats,  Nos.  383  and  387,  and 
in  Lot  8  Rats  392  and  393  made  very  satisfactory  growth  on  these  amounts 
but  as  the  other  rats  of  the  groups  were  still  below  normal,  the  amount 
given  each  group  was  increased  (point  1  on  curves)  to  0.24  gm.  of  pure  yeast 
(equivalent  to  0.6  gm.  of  dried  product).  This  increase  in  the  amount  of 
yeast  given  caused  a  renewal  of  growth  so  that  all  the  rats  wereof  practically 
normal  weight  at  the  end  of  the  experiment  which  lasted  24  weeks.  Four 
of  the  ten  rats  were  females,  and  although  there  were  some  indications  that 
one  of  them  had  young  during  the  last  week  of  the  experiment,  there  was  no 
evidence  of  the  young  obtained  as  she  had  been  left  in  the  colony  and  the 
other  rats  had  probably  destroyed  them.  There  were  no  other  cases  of 
reproduction. 

The  rats  of  Lot  9  received  0.24  gm.  of  pure  yeast  (equivalent  to  0.6  gm.  of 
dried  product)  throughout  the  period  of  the  experiment.  Very  good 
growth  and  some  reproduction  was  obtained  on  this  amount  of  yeast. 
However,  the  mothers  destroyed  their  young.  It  is  a  fact  worth  noting 
that  of  twenty-four  females  used  in  the  entire  work  with  yeast,  only  five  had 
young  and  these  young  were  in  no  sense  vigorous,  normal  rats.  We  are 
not  prepared  to  say  whether  this  absence  of  normal  reproduction  is  due  to  a 
deficiency  in  vitamine  B  or  to  some  other  property  of  the  yeast.  Osborne 
and  Mendel  (7,  8)  have  also  observed  infertility  in  rats  in  whose  rations 
yeast  was  the  sole  source  of  vitamine  B.  They  do  not,  however,  consider 
that  lack  of  reproduction  was  caused  by  the  yeast  per  se  as  two  out  of  four 
rats  which  had  been  fed  for  a  long  period  of  time  on  rations  containing  30  to 
40  per  cent  yeast  proved  fertile  when  mated  with  vigorous  females  which  had 
grown  up  on  a  normal  mixed  ration.  It  would  seem,  however,  that  the 
relation  of  yeast  feeding  as  the  sole  source  of  vitamine  B  to  successful  repro- 
duction and  lactation  would  be  determined  only  where  individuals  of  both 
•exes  were  on  a  par  as  far  as  the  diet  was  concerned.  This  was  the  case  in 
our  experiments.  The  successful  matings  in  Osborne  and  Mendel's  experi- 
ments may  have  been  due  to  the  high  state  of  vigor  of  the  females  raised 
on  the  normal  diets. 

Chart  2  illustrates  a  point  which  we  have  frequently  noticed  in  connec- 
tion with  our  investigations  on  vitamines  which  seems  to  be  contrary  to  the 
experience  of  others.  That  is,  if  the  feeding  work  is  begun  with  inadequate 
amounts  of  the  vitamine-containing  material  and  from  time  to  time  the 
amount  is  increased,  the  growth  curve  of  the  rat  seldom  duplicates  the 
normal  or  at  best  only  after  a  much  longer  period  than  when  the  larger 
amount  is  given  from  the  beginning  of  the  experiment.  For  example,  in 
Lots  7  and  8, 0.08  and  0.16  gm.  of  pure  yeast  were  fed  to  the  point  marked  1 
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on  the  curves  where  in  each  case  the  amount  was  increased  to  0.24  gm.,  bi 
with  few  exceptions  none  of  these  rats  presented  as  satisfactory  growl 
curves  as  those  of  Lot  9  to  which  0.24  gm.  of  yeast  was  fed  from  the  begij 
ning  of  the  experiment. 

Experiment  3,  Lot  10,  Chart  3. — Having  obtained  unsatisfactory  as 
variable  results  from  the  use  of  baker's  yeast  and  brewer's  yeast,  we  net 
tried  growing  a  yeast  under  laboratory  conditions  in  order  to  contr 
the  ingredients  of  the  wort  upon  which  the  yeast  was  to  grow.  For  th 
purpose  we  made  a  wort  of  hops  and  ground  malt,  filtered  to  obtain  a  clei 
medium,  and  inoculated  the  filtrate  heavily  with  pure  culture  of  Sacchan 
myce8  cerevisiae.  When  active  fermentation  had  stopped,  the  wort  was  poure 
on  a  suction  filter,  thoroughly  washed,  and  then  dried  at  room  temperatui 
before  an  electric  fan.  This  yeast  was  made  into  pellets  and  fed  to  ti 
rats  in  the  usual  way  at  the  rate  of  0.2  gm.  daily.  Only  three  rats  were  use 
in  this  group  so  as  to  conserve  the  yeast  which  was  rather  difficult  to  mat 
in  large  amounts  under  laboratory  conditions.  These  rats  made  a  coi 
tinuous  slow  growth  but  were  considerably  undersized  at  the  end  of 
months.  Rat  538  had  two  litters,  the  first  numbering  seven,  four  of  whic 
died  soon  after  birth,  and  the  remaining  three  were  destroyed  within  a  fe 
days  by  the  mother.  The  young  of  her  second  litter  were  weak,  had  sul 
normal  temperature,  and  up  to  the  time  they  were  4  weeks  old  had  not  bee 
observed  to  leave  the  nest.  At  this  time,  two  of  the  young  rats  were  place 
in  the  mother's  feeding  dish  and  ate  of  the  ration.  Almost  immediate] 
they  were  seized  with  convulsions  in  which  they  rolled  around  the  caf 
seemingly  in  great  pain  and  finally  died,  apparently  from  exhaustion.  W 
can  offer  no  explanation  for  these  spasms,  but  they  would  seem  to  be  in  son: 
way  connected  with  the  use  of  yeast  in  the  rations  of  the  mother  rat  as  \i 
have  never  before  had  this  difficulty  with  any  of  our  rats.  Hartwell  (IS 
has  noted  spasms  in  young  rats  whose  mother  was  on  a  high  protein  ratio 
and  has  ascribed  the  difficulty  to  a  ration  too  rich  in  protein.  Hartwe 
states  that "  It  is  possible  that  these  results  are  due  to  a  deficiency  of  soni 
dietary  factor,  but  this  deficiency  is  only  evident  when  the  diet  is  too  ric 
in  protein.  ...  A  similar  diet,  but  one  with  less  protein,  would  not  b 
deficient."  McCollum,  Simmonds,  and  Pitz  (13)  have  reported  pronounce 
nervous  disturbances  resulting  in  death  in  nursing  rats  whose  mothen 
ration  contained  16  per  cent  casein  and  15  per  cent  whole  wheat.  Thes 
investigators  believed  that  the  spasms  were  due  to  a  deficiency  of  vitamin 
B,  the  sole  source  of  which  was  the  whole  wheat.  The  protein  of  this  ratio 
was  not  over  18  per  cent.  We  (14)  have  reported  reproduction  and  success 
ful  rearing  of  young  on  a  ration  carrying  22.5  per  cent  protein  derive 
from  18  per  cent  casein  and  15  per  cent  dried  egg  yolk.  In  this  ration  th 
protein  was  moderately  high  but  vitamine  B  was  supplied  in  a  libers 
amount  by  the  egg  yolk  and  also  by  the  alcoholic  extract  of  15  gm.  of  whea 
embryo  per  100  gm.  of  ration.  From  such  results  it  seems  probable  tha 
spasms  in  the  nursing  rat  are  not  necessarily  due  to  high  protein  but  rathe 
to  a  deficiency  of  vitamine  B.    The  possibility  remains,  however,  tha 
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Chart  3.  These  rats  derived  their  vitaminc  B  from  yeaat  pellets  fed 
■eparately  from  the  ration.    The  pellets  given  to  Lot  10  contained  0.2  gm. 
*>t  the  yeast  grown  in  this  laboratory.     The  rats  of  Lot  11  received  pellets 
ffiade  from  distiller's  yeast  for  the  first  5  weeks  of  the  experiment.    As 
this  yeast  showed  no  growth -promoting  properties,  it  was  changed  at  this 
™ne  (point  marked  x  on  chart)  to  0.2  gm.  pellets  made  of  a  starch-free 
least  (Fleischm&nn)  supplied  in  the  fresh  condition  and  dried  by  our  usual 
method.    The  amount  of  yeast  was  increased  toO.Cgm.  at  the  point  marked 
loathe  curves.     In  Lot  12  the  pellets  given  the  first  4  weeks  of  the  experi- 
ment contained  0.2  gm.  of  a  special  starch-free  dried  yeast  furnished  by 
The  Fleischmann  Company.    As  there  was  an  indication  of  a  decline  on 
t-'iu  unount.  the  yeast  was  increased  to  0.4  gm.  daily.    In  this  lot  we  did 
"•twaitfor  the  decline  to  extend  over  several  weeks  as  we  had  in  the  other 
^Pertinents  because  of  the  difficulty  of  bringing  the  rats  back  to  the  nor- 
"*  rate  of  growth  by  small  additions  of  the  deficient  factor.    However, 


'"  "^crease  did  not  stop  the  decline.    The  dotted  part  of  the  c 


**•*  the  time  during  which  the  rats  w 


n  the  feed  of  our  stock  rats. 
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yeast  contains  some  other  factor  which  is  detrimental  to  the  rearing 
young. 

Experiment  4,  Lot  11,  Chart  S. — A  dried  distiller's  yeast  was  m 
furnish  vitamjpe  B  for  the  first  4  weeks  of  this  experiment.  Pellets  i 
ing  0.2  gm.  each  were  given  daily  to  the  rats  to  the  end  of  this  period 
it  became  apparent  that  normal  growth  could  not  be  made  on  this 
This  yeast  was  then  replaced  by  the  same  amount  of  a  dried  stare 
yeast  (Fleischmann)  which  was  obtained  fresh  and  dried  by  US  : 
manner  previously  described.  This  change  stimulated  growth  to  : 
siderable  degree  but  at  the  end  of  12  weeks,  as  the  growth  curve  wi 
far  from  normal,  the  amount  of  yeast  was  increased  to  0.6  gm. 
(point  1  on  curves).  This  had  practically  no  effect  except  that  one  i 
produced  a  litter  of  three,  two  of  which  died  soon  after  birth  and  the 
one  never  grew  normally.  9 

Experiment  5,  Lot  12,  Chart  S. — The  rats  of  this  experiment  ob 
their  vitamine  B  for  the  first  4  weeks  of  the  experiment  from  0.2  gn 


TABLE  I. 


Source  of  vitamine  B. 

Amount 
of  product 
in  ration. 

Nitrojten 

content  of 

product. 

Approximate 

daily  nitrogen 

intake  in  form  of 

vitamine  B 

product. 

Prop* 

total  n 

inta! 

vitaix 

prod 

per  cent 

per  cent 

gm. 

per 

Dried  baker's  yeast. 

2 

5.05 

0.005  -0.010 

0.176 

Fleischmann 's  yeast. 

4 

5.05 

0.010  -0.020 

0.352 

it                « 

6 

5.05 

0.015  -0.030 

0.526 

u                tt 

10 

5.05 

0.025  -0.050 

0.880 

Wheat  embryo  extract  on 

11.4 

0.905 

0.0052-0.010 

0.18 

dextrin. 

dried,  starch-free  yeast  obtained  ready  prepared  from  The  Fleiscl 
Company.    For  the  first  4  weeks  of  the  experiment  these  rats,  wit 
exception,  made  satisfactory  growth,  but  there  being  some  indicati 
a  decline  at  the  end  of  this  time,  the  yeast  was  increased  to  0.4  gm. 
This  amount,  while  it  may  have  arrested  the  decline,  did  not  bring  tb 
of  growth  back  to  the  normal.    At  the  end  of  16  weeks  all  the  rat* 
undersized  but  in  a  fairly  good  physical  condition .    There  was  no  repi 
tion  in  this  experiment.    At  the  end  of  the  experiment  these  rate 
given  the  stock  food  used  in  our  breeding  colony  which  greatly  stimi 
growth  except  in  the  case  of  one  individual,  Rat  724,  so  that  within  3 
time  the  growth  curves  had  almost  reached  the  normal.    As  the 
ration  used  in  these  experiments  was  known  to  be  adequate  in  all  rei 
except  in  vitamine  B,  which  was  furnished  by  the  yeast,  such  a  result 
show  that  vitamine  B  was  not  being  supplied  in  adequate  amount. 

The  amount  of  unknown  nitrogen  which  was  actually  added  to  tl 
tions  used  is  presented  in  Tables  I  and  II.    Column  4  of  Table  I  neces 
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states  only  the  approximate  amount  of  nitrogen  added,  as  the  rats  eating 
these  rations  were  kept  in  colonies  and  therefore  the  amount  of  food  con- 
sumed by  each  could  be  estimated  only.    Comparing  the  growth  curves  of 
Lots  1  to  5  inclusive  with  Lot  6  to  which  vitamine  B  was  furnished  by  the 
alcoholic  extract  of  wheat  embryo,  it  is  readily  seen  that  yeast  mixed  in 
the  ration  in  an  amount  as  high  as  10  per  cent  of  the  ration  does  not  give  as 
satisf  actory  growth  as  the  same  ration  with  the  yeast  replaced  by  the 
alcoholic  extract  of  wheat  embryo  equivalent  to  15  gm.  of  embryo  per  100 
&*•  of  ration.    The  amount  of  unknown  nitrogen  consumed  daily  by  each 
rat  oxx  the  yeast  ration  is  from  0.025  to  0.050  gm.,  while  that  consumed  daily 
°7  each  rat  on  the    ration   carrying  the  embryo   extract   varies  from 
O.0Q5    -fco  o.Ol  gm.    These  figures  become  even  more  significant  when  cal- 
culated to  show  the  ratio  of  the  nitrogen  in  the  vitamine  product  to  the 
total  xaitrogen  of  ration  (Column  5  of  Table  I) . 


TABLE  II. 


Source  of  vitamine  B. 


eia<^lunann's  (baker's)  air-dried 
?e**-cat 


Labc* 
Fleic»< 


'atory  yeast. 

hmann's     starch-free     air- 
id  yeast. 


hmann's  special  starch-free 
t  for  laboratory  use. 


Actual 

amount 

consumed 

daily. 

Nitrogen 

content  of 

product. 

Actual 

amount 

nitrogen 

added  to 

ration 

daily. 

am. 

per  cent 

am. 

0.2 

5.05 

0.0101 

0.4 

5.05 

0.0202 

0.6 

5.05 

0.0303 

0.2 

8.55 

0.0171 

0.2 

7.66 

0.0153 

0.6 

7.66 

• 

0.0459 

0.2- 

7.66 

0.0153 

0.4 

7.66 

0.0306 

Proportion 
total 

nitrogen 
in  intake  as 
vitamine  B 

product. 

per  cent 

0.356 
0.711 
1.06 

0.602 

0.538 
1.61 

0.538 
1.07 


Ch 


of  f^ 


o.e 


Table  II  the  actual  nitrogen  intake  is  calculated.    Referring  to  Lot  9, 
2,  a  group  of  rats  that  approximated  normal  growth,  it  is  again  read- 
«n  that  their  growth  curves  are  not  as  good  as  those  of  Lot  6,  Chart  1 . 
ugh  the  amount  of  nitrogen  actually  consumed  by  the  individuals  of 
^roup  is  not  wholly  comparable  because  of  the  difference  in  the  method 
,^^ding  the  vitamine  preparations,  it  can,  however,  be  safely  stated  that 
ats  of  Lot  9  consumed  daily  more  unknown  nitrogen  than  those  of 
None  of  the  groups  included  in  Chart  3,  which  received  from  0.2  to 
.  of  yeast  per  day,  shows  satisfactory  growth.    These  amounts  of 
,  in  addition  to  being  deficient  in  vitamine  B,  add  more  unknown 
n  to  the  ration  than  the  wheat  embryo  extract. 
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DISCUSSION  OP  RESULTS. 

Our  results  do  not  support  the  general  belief  that  yeast  is  an 
unusually  valuable  source  of  the  growth-promoting  vitamine  B, 
or  that  it  can  be  accepted  as  a  standard  product  in  experiments  in 
which  a  vitamine  B  preparation  is  required.  That  its  efficiency 
depends  in  part  upon  the  manner  in  which  it  is  fed  is  shown  by  the 
rats  of  Lot  8,  Chart  2,  to  which  the  yeast  was  fed  separately  from 
the  ration  at  the  rate  of  0.6  gm.  daily.  In  this  group  almost 
normal  growth  was  attained  and  some  reproduction,  though  the 
young  were  not  reared,  while  the  growth  of  the  rats  of  Lot  4, 
Chart  1,  which  received  their  vitamine  from  the  same  yeast  but 
mixed  in  the  ration  in  the  proportion  of  10  parts  of  yeast  in  IOC 
parts  of  ration  was  not  as  satisfactory.  But  even  under  our  most 
favorable  feeding  conditions  we  have  not  been  able  to  obtain  as 
satisfactory  growth  as  others  have  reported. 

The  reasons  for  these  results  are  purely  speculative.  Although 
the  type  of  yeast  may  have  a  bearing  on  its  ability  to  absorb 
vitamine,  this  does  not  seem  probable.  Clark  (15)  has  shown 
recently  that  the  yeast  cell  quantitatively  removes  a  growth- 
stimulating  substance  (bios)  from  wort.  This  may  indicate  the 
manner  in  which  yeast  derives  the  bulk  of  its  vitamine  B.  A  more 
reasonable  view  would  be  that  the  character  of  the  wort  in  which 
the  yeast  is  grown  and  the  extent  to  which  the  yeast  has  functioned 
as  a  fermenting  organism  before  it  is  removed  from  the  wort  are  the 
important  considerations  in  producing  a  yeast  rich  in  vitamine 
B.2    By  analogy  to  higher  plants  it  seems  probable  that  the  grow- 

• 

*  Professor  H.  Macy  of  the  Division  of  Dairy  Husbandry  kindly  made  s 
microscopic  count  of  the  total  number  of  yeast  cells  per  gram  of  yeast 
product  with  the  following  results: 


Yeast. 


Fleischmann  (bakers) 

Laboratory 

Distillers 

Fleischmann  (starch-free) 

"  special  starch-free  for  laboratories. 


OIL*  per  gm. 


3, 300, 000, 000 
13, 200, 000, 000 

1,100,000,000 
25, 760, 000, 000 
11,360,000,000 


Since  the  number  of  cells  present  does  not  correspond  to  the  potency  of  the 
yeast  as  a  source  of  vitamine  B,  it  strengthens  the  assumption  that  it  is  not 
the  yeast  per  se  which  is  the  active  agent. 
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ing  functioning  yeast  cell  should  contain  larger  amounts  of 
vitamine  than  the  mature  resting  cell,  or  the  mere  budding  cell. 
In  our  opinion,  the  failure  of  our  rats  to  reproduce  normally 
and  rear  their  young  is  one  of  the  strongest  arguments  against  the 
^  °f  yeast  as  a  source  of  vitamine  B.  However,  we  realize  that 
this  iftay  fo  an  arbitary  standard  to  set  as  each  investigator  has 
his  o^wn  standard  by  which  to  judge  satisfactory  nutrition.  We 
"^e  adopted  for  our  general  laboratory  practice  the  McCollum 
staacJard  by  which  satisfactory  growth  is  measured  by  the  attain- 
mer*t  of  normal  weight  and  physical  well  being  and  ability  to  re- 
Produce  and  rear  young  at  normal  intervals. 

Another  objection  to  the  use  of  yeast  as  a  source  of  vitamine  B 

is  th^t  if  it  is  necessary  to  add  large  amounts  of  yeast  in  order  to  be 

cert^jn  of  securing  satisfactory  growth,  it  is  labor  lost  to  expend 

a  k-i*ge  amount  of  effort  in  securing  highly  purified  casein,  dextrin, 

•an°J     salts,  and  then  add  the  entire  cell  contents  of  an  actively 

S^XTVing  plant.     There  are  also  serious  objections  to  the  use  of 

alcoholic  extracts  of  many  of  the  naturally  occurring  foodstuffs 

as  ^.    source  of  vitamine  B.     The  leaves  of  plants,  if  cut  and  dried 

^h^xi  immature;  the  embryos  of  seeds;  and  all  glandular  animal 

tissv*e  contain  relatively  simple  nitrogenous  compounds  which 

"js^olve  to  a  certain  extent  in  alcohol.     However,  this  unknown 

nik*~«Dgenous  material  is  added  in  smaller  amounts  to  a  purified 

ratx^jj  when  vitamine  B  is  furnished  by  extracting  wheat  embryo 

^t-lx  go  p^  cen^  alcohol  than  when  sufficient  yeast  is  added  to  the 

ratJ^Q  £0  furnish  this  factor.     10  per  cent  of  yeast,  adding  to  the 

rati  *3n  from  0.025  to  0.050  gm.  of  nitrogen  daily,  does  not  promote 

Krc^"v^rth  as  efficiently  as  11.4  per  cent  embryo  preparation  which 

f<*<^g3  to  the  ration  only  0.0052  to  0.01  gm.  of  nitrogen  (Table  I). 

*l  *^^n  the  yeast  is  fed  separately  from  the  ration,  the  amount  of 

Illt:^:*^)gen  added  to  the  ration  is  even  greater  (Table  II).     The 

mnt  of  unknown  nitrogen  is  small  in  either  case  and  may  be  of 

special  importance  unless  the  experiment  is  intended  to  study 

relative  value  of  certain  proteins  or  amino-acids.    However, 

amount  of  unknown  material  added  to  an  otherwise  carefully 

P^^fied  ration  is  greater  and  of  a  more  complex  nature  when  yeast 

A^  ^dded  than  when  an  alcoholic  extract  of  yeast  or  some  other 

v^tamine-containing  foodstuff  is  employed. 
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SUMMARY. 

Yeasts  from  different  sources  have  been  fed  to  experimental 
animals  to  ascertain  if  all  yeasts  were  equally  potent  sources  of 
vitamine  B. 

Two  methods  of  feeding  the  yeasts  were  employed.  In  one,  the 
yeast  was  mixed  in  a  purified  ration  which  was  adequate  as  to 
all  its  constituents  except  vitamine  B.  In  the  other,  the  yeast  was 
fed  separately  in  the  form  of  a  pellet.  The  last  method  proved 
to  be  the  most  satisfactory. 

The  rats  were  kept  under  conditions  favorable  for  reproduction, 
but  only  in  a  very  few  instances  were  young  produced  and  these 
were  never  reared. 

A  comparison  is  shown  between  the  amount  of  unknown  nitrogen 
added  to  the  ration  when  an  adequate  amount  of  vitamine  B  is 
fed  in  the  form  of  yeast  and  wheat  embryo  extract. 

A  discussion  of  the  probable  reason  for  the  failure  of  yeast  as  a 
source  of  vitamine  B  is  given. 

In  conclusion,  we  wish  to  acknowledge  the  courtesy  of  The 
Fleischmann  Company  in  furnishing  yeast  for  this  work. 
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In  his  article  in  this  number  of  the  Journal,  Folin  (1)  presents 
some  material  which  may,  perhaps,  be  so  interpreted  as  to  confuse 
the  subject  of  uric  acid  determination.     The  data  given  by  him 
on  the  recovery  of  uric  acid  added  to  sheep  blood  are,  for  instance, 
of  little  service  in  connection  with  the  determination  of  uric  acid 
in  human  blood.    If,  as  Folin  reports,  the  blood  of  one  species 
(sheep)  behaves  differently  at  different  times  in  regard  to  uric 
acid  recovery,  such  results  would  hardly  furnish  ground  for  bas- 
ing a  conclusion  in  regard  to  the  behavior  of  the  blood  of  another 
species.    Indeed  the  contradictory  results  reported  by  Folin  in 
this  connection  simply  emphasize  the  fact  that  uric  acid  deter- 
mination is  a  different  problem  for  the  blood  of  each  species. 
Without  quite  exhaustive  studies  upon  human  blood  it  would 
aeem  unwise  to  adopt  conditions  such  as  are  advocated  by  Pucher 
(2)  or  the  exceedingly  slow  process  of  protein  precipitation  sug- 
gested but  not  urged  by  Folin  in  his  present  paper.     There  is 
little  reason  for  introducing  the  possibility  of  new  errors  (as  in 
Pucher's  process)  or  of  prolonging  the  precipitation  to  an  in- 
terminable degree  in  a  search  for  3  or  5  per  cent  of  uric  acid  which 
may  or  may  not  be  lost  when  the  original  Folin- Wu  process  is 
applied  to  human  blood.    The  errors  involved  here,  if  indeed  such 
°ccur  at  all  in  human  blood,  are  in  any  case  of  such  small  magni- 
tude that  they  may  be  regarded  as  of  no  practical  significance. 
Thk  statement  is  based  upon  comparative  analyses  of  more  than 
70  samples  of  human  blood,  a  portion  of  each  of  which  was  precipi- 
tated by  (a)  the  Folin- Wu  procedure  and  (b)  by  heat  coagulation 
uj  0.01  n  acetic  acid  by  immersion  in  boiling  water  and  final 
dilution  to  a  definite  volume  with  aluminum  cream,  followed  by 
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shaking  and  filtration.  Variation  by  the  two  methods  was  very 
small,  and  while  the  heat  coagulation  yielded  the  slightly  higher 
figures,  certain  findings  indicate  a  question  as  to  whether  the  small 
increment  obtained  was  uric  acid.  The  results  will  be  reported 
in  detail  later  only  if  subsequent  work  shall  furnish  more  definite 
information  as  to  the  nature  of  the  substance  responsible  for  the 
small  fraction  of  a  milligram  increase  in  the  uric  acid  figures 
obtained.  In  any  case  I  feel  that  the  discrepancy  by  the  two 
procedures  is  too  small  to  warrant  a  change  in  the  method  of  pro- 
tein precipitation  from  that  proposed  by  Folin  and  Wu.  And 
there  appear  to  be  no  definite  findings  reported  in  Folin's  present 
paper  which  would  lead  to  any  different  conclusion  for  human 
blood. 

In  the  latter  portion  of  his  paper  Folin  adopts,  with  reasonable 
exactness,  the  present  writers  technique  for  direct  uric  acid  deter- 
mination in  blood,  and  urges  the  use  of  the  original  Folin-Denis 
reagent. 

Folin's  implied  criticism  of  the  present  writer  for  employing  a 
new  reagent  in  connection  with  a  radical  departure  in  uric  acid 
determination  may  justify  a  word  or  two  of  explanation. 
Throughout  all  my  early  work  directed  toward  obtaining  a  direct 
method  for  the  determination  of  uric  acid,  using  the  Folin-Denis 
reagent,  progress  was  frustrated  at  practically  every  point  by 
the  turbidities  produced,  and  by  a  lack  of  proportionality  of  color 
when  very  little  uric  acid  was  used.  Through  use  of  the  new 
reagent  conditions  were  obtained  by  which  it  was  possible  to 
make  a  systematic  study  of  the  field  whereby  the  very  sensitive 
direct  method  for  uric  acid  determination  was  worked  out.  It  is 
not  especially  surprising  that  after  this  technique  was  developed 
by  means  of  a  reagent  especially  constructed  for  the  purpose, 
Folin  is  able  to  find  similar  conditions  under  which  he  can  make  use 
of  the  old  reagent.  There  were  definite  reasons  why  I  made  no 
special  attempts  to  get  back  to  the  old  reagent  after  developing  the 
process  with  one  which  I  deem  more  suitable.  An  enormous 
amount  of  work  would  have  had  to  be  duplicated  to  prove  that 
results  would  be  similar.  Though  hundreds  of  analyses  might 
have  been  involved  here,  the  crucial  point  was  that  I  believed 
and  still  believe,  that  the  new  reagent  is  adequate  for  the  purpose 
for  which  it  was  constructed,  and  that  it  possesses  at  least  two 
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points  of  superiority  over  the  old  reagent.  These  are  (a)  that  the 
new  reagent  is  prepared  with  20  minutes  boiling  as  compared  with 
several  hours  boiling  necessary  for  the  old  reagent,  and  (6)  that 
the  new  reagent  has  less  tendency  to  turbidity  than  has  the  old. 
Folin  has  endeavored  to  meet  the  difficulty  involved  in  the  matter 
of  greater  tendency  to  turbidity  by  three  variations  from  my  tech- 
nique; viz,,  the  use  of  lithium  salts,  heating  for  a  short  period  of  a 
definite  number  of  seconds,  and  finally  by  a  dilution  to  25  cc. 
instead  of  the  15  cc.  volume  which  I  adopted.  From  a  practical 
standpoint  it  is  obvious  that  these  modifications  rather  detract 
from  the  simplicity  of  the  process.  They  are  also  unnecessary. 
All  my  reported  analyses  were  carried  out  upon  bloods  heavily 
oxalated  with  potassium  oxalate,  and  I  experienced  no  difficulty 
with  turbid  solutions.  If,  however,  turbidity  should  be  a  trouble- 
some factor  in  any  laboratory,  this  may  be  readily  overcome  by 
diluting  to  20  cc.  instead  of  to  15  cc.  Such  dilution  (of  both 
standard  and  unknown)  can  be  made  either  before  addition  of  the 
reagents  or  immediately  after  the  period  of  heating.  While  I 
suggested  the  use  of  sodium  oxalate  in  place  of  the  potassium  salt, 
this  departure  is  in  no  way  necessary  for  the  successful  carrying 
out  of  the  direct  method. 

The  arsenic  phosphotungstic  acid  reagent  is  easily  prepared, 
and  appears  to  meet  the  demands  made  upon  it  for  both  blood  and 
urine  work.  After  all,  the  ease  of  preparation  of  a  reagent, 
and  its  general  suitability,  are  considerations  of  more  importance 
than  its  origin  or  its  age  in  the  literature.  The  Folin-Denis  re- 
agent was  not  the  first  phosphotungstic  aci^  reagent  for  uric  acid 
in  the  literature  (c/.  Moreigne,  1905  (3)),  nor  is  it  probable  that 
any  of  the  present  reagents  will  be  the  last. 

A  further  point  in  Folin's  present  paper  requires  comment. 
This  relates  to  the  question  of  the  cyanide  solution  to  be  employed. 
Folin  mentions  what  I  have  already  called  attention  to  (4); 
flk'i  that  fresh  cyanide  solutions  yield  considerable  blanks  in  the 
unc  acid  method.  He  further  concludes  that  with  age  of  the 
solution  these  reducing  substances  disappear,  and  recommends 
the  use  of  a  15  per  cent  sodium  cyanide  solution  which  is  at  least 
2  weeks  old.  I  encountered  these  same  findings,  and  reported 
tn&t  the  addition  of  a  trace  of  ammonia  to  fresh  cyanide  solutions 
reduces  the  blank  yielded  by  them  to  practically  nothing.     It  is 
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reasonable  to  suppose  from  this  finding  that  the  ammonia  whi— 
forms  spontaneously  in  cyanide  solutions  is  responsible  for  tiM 
disappearance  of  the  blank,  and  the  addition  of  a  little  ammoiM 
is  often  preferable  to  waiting  2  or  3  weeks.     It  should  also  be  not** 
that  15  per  cent  cyanide  solutions  are  very  unstable.    I  began  wi 
the  use  of  such  a  solution  and  found  that  figures  for  uric  acid 
blood  ran  consistently  lower  as  such  solutions  increased  in  ag 
until  results  became  definitely  too  low  for  the  uric  acid  content  «^ 
the  blood  as  compared  with  the  old  method.    Hence  the  use  of 
15  per  cent  solution  of  cyanide  was  abandoned  in  favor  of  a 
per  cent  solution  to  which  was  added  a  trace  of  ammonia.     Sues 
a  solution  decomposes  very  slowly,  and  yields  safe  and  consistent 
results  for  at  least  3  months  or  longer.     Addition  of  sodium  hy 
droxide  to  this  solution  is  quite  unnecessary. 

Folin  has  pursued  his  search  for  a  permanent  standard  solutioi 
of  uric  acid,  and  in  this  connection  reports  some  very  interesting 
findings  concerning  the  uric  acid-formaldehyde  standard  proposec 
several  years  ago  by  Folin  and  Denis.  While  I  have  not  been  s< 
impressed  with  the  necessity  of  a  permanent  uric  acid  standard  at 
Folin  has  been,  it  is  obvious  that  a  solution  of  uric  acid  which  cai 
be  absolutely  depended  upon  for  a  period  of  6  months  or  longe: 
would  be  a  very  definite  and  valuable  addition  to  uric  acid  analy- 
sis. This  problem  requires,  however,  the  cooperation  of  man} 
laboratories,  and  several  years  of  time  for  its  solution.  Uric  acic 
solutions  appear  to  behave  quite  differently  in  different  labora 
tories.  Therefore,  each  new  solution  proposed  must  be  checkec 
up  by  the  individual  worker  in  his  own  laboratory.  The  standarc 
solution  which  has  so  far  probably  met  with  most  general  approva 
is  the  phosphate  standard  proposed  by  Benedict  and  Hitchcock 
which  has  been  found  to  keep  for  at  least  2  months  unless  subjectec 
to  very  unusual  conditions  of  temperature. 

A  permanent  solution  of  uric  acid  might  be  obtained  through 
(a)  lowering  the  dissociation  of  the  acid  to  a  negligible  point,  oi 
(6)  through  reducing  the  oxygen  tension  of  the  solution  to  a  poinl 
where  oxidation  of  the  uric  acid  is  prevented.  Spontaneous  hy- 
drolysis of  uric  acid  at  ordinary  temperatures  appears  to  be  negli- 
gible, as  Folin  reports  aqueous  solutions  of  uric  acid  (containing 
sulfite)  which  have  remained  unaltered  for  at  least  2  years.  Folix 
believes  that  the  dissociation  of  the  uric  acid-formaldehyde  com- 
pound is  so  low  in  concentrated  solutions  that  such  solutions  maj 
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prove  to  be  quite  permanent  in  their  uric  acid  value.     Of  course 

there  is  (as  evidenced  by  the  color-yielding  power)  very  appreciable 

rfissociation  of  the  formaldqjiyde-uric  acid  compound  even  in 

strong  solution,  so  that  theoretically  there  will  be  some  oxidation 

here.    Whether  such  oxidation  will  be  of  moment  can  be  deter- 

rruned  only  by  detailed  comparisons  in  many  laboratories.     Cer- 

t  a  inly  Folin's  new  standard  appears  to  be  worthy  of  study. 

It  may  be  of  interest  to  describe  a  uric  acid  solution  which  the 
present  writer  has  been  studying  for  6  months,  and  which  appears 
to  offer  promise  of  being  reasonably  permanent.     In  this  solution 
oxidation  01  the  uric  acid  is  prevented  by  lowering  the  dissociar 
tion  by  means  of  hydrochloric  acid,  and  by  lowering  the  oxygen 
tension  of  the  solution.     Thus  solutions  of  the  full  dilution  re- 
quired for  blood  analysis  by  the  new  method  (0.02  mg.  in  5  cc.) 
have  been  kept  for  6  months  with  no  detectable  change  in  uric 
acid  value.     The  procedure  for  preparation  of  the  solution  is  as 
follows. 

About  8  liters  of  the  dilute  standard  solution  required  for  the  uric 

acid  determination  in  blood,  and  containing  hydrochloric  acid,  are 

prepared  as  described  in  a  previous  paper  (4)  and  placed  in  a  clean 

dry,  narrow  mouthed  bottle  of  about  10  liters  capacity.     This 

bottle  is  fitted  with  a  tight,  new,  clean,  2-holed  rubber  stopper. 

Through  1  hole  passes  a  long  glass  tube  reaching  nearly  to  the 

bottom  of  the  bottle,  and  which  after  passing  out  through  the 

stopper  is  bent  sharply  so  that  its  lower  end  reaches  somewhat 

below  the  bottom  of  the  bottle  on  the  outside.     The  end  of  this 

tobe  is  fitted  with  a  short  piece  of  clean  rubber  tubing  and  a 

spring  clamp.    Through  the  other  hole  in  the  stopper  passes  a 

second  glass  tube  terminating  an  inch  or  more  above  the  surface 

°'  &e  liquid  in  the  bottle.     This  tube  is  preferably  bent  at  right 

a^es  where  it  emerges  through  the  stopper,  and  is  also  fitted 

Jj^  ^  short  rubber  tube  and  a  spring  clamp.     A  Kipp  generator, 

^IS^d  with  broken  marble  and  hydrochloric  acid,  and  fitted  with 

^■^h  bottle  is  now  connected  with  the  long  tube  which  reaches 

^l^r  to  the  bottom  of  the  standard  solution.     Both  spring  clamps 

11  tfcke  tubes  to  the  bottle  are  opened,  and  a  moderately  brisk 

^^^in  of  carbon  dioxide  is  passed  through  the  solution  for  about 

j"  flcxinutes.    While  the  generator  is  still  turned  on,  the  outlet  tube 

r°I*X  the  bottle  is  first  closed  with  the  spring  clamp,  so  that  carbon 

c*1°xicJe  collects  in  the  bottle  under  pressure.    Then  the  inlet  tube 
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is  similarly  closed  and  the  generator  turned  off  and  disconnects 
The  bottle  of  standard  solution  is  now  placed  upon  a  conveniei 
shelf,  together  with  the  Kipp  generator.  The  latter  is  now  to  I 
connected  with  the  short  tube  which  terminates  above  the  solution 
and  the  generator  stop-cock  opened  wide.  The  spring  clamp  whi< 
closed  this  tube  is  also  opened,  and  left  open.  Standard  solutic 
can  now  be  withdrawn  as  needed  by  opening  the  spring  clam 
on  the  lower  tube,  and  the  volume  leaving  the  bottle  is  immediate] 
replaced  by  carbon  dioxide  from  the  generator.  As  the  who 
system  is  under  pressure  of  carbon  dioxide  there  is  no  tendency  f  < 
air  (oxygen)  to  enter  it  at  any  time.  The  first  few  cc.  of  solutio 
withdrawn  are  best  discarded,  and  the  rest  kept  in  a  glass-stoj 
pered  bottle.  This  solution  can  be  absolutely  relied  upon  for 
weeks  after  taking  it  from  the  large  bottle. 

While  the  apparatus  employed  here  may  appear  troublesom 
to  set  up,  it  really  requires  little  time  or  trouble,  and  once  set  u 
is  exceedingly  convenient.  If  it  is  desired  to  use  the  carbo 
dioxide  generator  for  another  purpose  it  can  be  removed  at  an 
time  after  closing  the  connecting  tube  'with  the  spring  clamj 
Of  course,  the  generator  must  be  connected  whenever  standar 
solution  is  withdrawn,  and  we  prefer  to  employ  one  small  generate 
exclusively  for  this  purpose.  Solutions  thus  prepared  on  the  1$ 
of  January,  1922,  and  kept  in  uncolored  bottles  in  a  warm  rooi 
near  a  radiator  had  lost  no  detectable  quantity  of  uric  acid  o 
June  20,  1922,  nearly  6  months,  later.  What  the  limit  of  the  keep 
ing  quality  of  these  solutions  will  be  under  widely  varying  cor 
ditions  can  be  determined  only  by  prolonged  observation  in  man 
laboratories.  They  offer  a  very  definite  advantage  in  requiring  n 
special  dilution  prior  to  use,  and  can  be  made  of  proper  strengt 
for  the  direct  determination  of  uric  acid  in  urine,  if  desirec 
Several  bottles  of  standard  solution  may  be  connected  with 
single  generator  by  means  of  T-tubes,  if  desired.  The  hydrc 
chloric  acid  appears  to  prevent  completely  bacterial  growt 
indefinitely. 
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Sorxxe  years  ago  Folin  and  Doisy1  called  attention  to  the  fact 

that   many  commercial   samples  of  picric  acid  are  unsuitable  for 

use  in  the  determination  of  creatinine  by  the  micro  methods, 

owing  to  the  fact  that  such  samples  may  yield  a  very  considerable 

amount  of  color  with  alkali  alone.    These  investigators  proposed 

as  a  test  for  the  purity  of  any  given  sample  of  picric  acid  that  after 

addition  of  alkali  as  used  in  the  determination  of  creatinine,  the 

resulting  solution  of  sodium  picrate  should  not  show  a  greater 

color  than  twice  that  of  the  picric  acid  solution  to  which  no  alkali 

had  been  added.     Folin  and  Doisy  also  suggested  a  procedure  for 

the  purification  of  picric  acid  so  that  it  would  be  suitable  for 

creatinine  determinations.     The   procedure  they  described  was 

"as^d  essentially  upon  repeated  recrystallization  of  the   picric 

a°id  as  the  sodium  salt. 

hi  spite  of  the  fact  that  there  has  been  a  steady  demand  for 

Pure  picric  acid  for  a  number  of  years,  the  situation  in  regard  to 

this  product  has,  to  the  mind  of  the  present  writer,  been  steadily 

^Wing  worse.    Not  only  have  the  commercial  samples  failed  to 

me^aure  up  to  the  desired  standard  as  often  as  they  formerly  did, 

"uk  many  of  these  samples  have  shown  no  improvement  even  after 

most;  arduous  attempts  at  purification  by  means  of  the  Folin- 

£>oisy  process.    The    procedure   suggested    by   Halverson    and 

^^USeim2  for  purification  of  picric  acid  in  another  connection  also 

fail^cl  f0  improve  the  commercial  samples  to  the  slightest  extent 

t°r     purposes  of  creatinine  determination.     Indeed  the  situation 

1   ^olin,  O.,  and  Doisy,  E.  A.,  /.  Biol.  Chem.,  1916-17,  xxviii,  349. 
Halverson,  J.  O.,  and  Bergeim,  O.,  /.  Biol.  Chem.,  1917,  xxxii,  159. 
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in  this  laboratory  finally  became  so  bad  that  we  were  compelled 
either  to  devise  a  means  for  satisfactory  purification  of  picric  acid 
or  to  abandon  creatinine  determinations. 

A  systematic  study  of  the  question  was  therefore  started,  and 
a  great  number  of  different  procedures  were  tried.  Nearly  all  of 
these  resulted  in  obtaining  products  which  were  somewhat  less 
satisfactory  than  the  products  from  which  we  started.  It  was 
finally  found,  however,  that  crystallization  from  benzene  con- 
stitutes a  very  satisfactory  method  for  the  purification  of  picric 
acid  for  creatinine  determination.  The  procedure  is  ideal  from 
the  practical  standpoint,  and  a  single  crystallization  from  benzene 
results  in  obtaining  an  excellent  picric  acid  from  the  very  worst 
commercial  sample  we  have  ever  encountered.  Following  is  the 
procedure. 

It  is  best  to  start  with  the  "technical"  grade  of  commercial 
picric  acid,  and  there  is  no  need  for  preliminary  removal  of  the 
10  per  cent  of  water  which  such  samples  contain.  400  gm.  of 
the  moist  picric  acid  are  placed  in  a  2  liter  Pyrex  flask  and  1  liter 
of  pure  benzene  is  added.  The  mixture  is  heated  to  vigorous 
boiling  on  an  electric  plate  with  occasional  shaking  at  first  to  avoid 
bumping.  Soon  after  the  boiling  point  is  reached  the  picric  acid 
practically  wholly  dissolves,  leaving  a  residue  of  dirt  and  foreign 
material,  together  with  the  water,  which  settle  quickly  to  the 
bottom  when  the  mixture  is  not  boiling.  The  hot  mixture  (as 
nearly  boiling  as  possible)  is  poured  upon  a  large  fluted  filter  which 
has  been  previously  moistened  with  benzene,  the  solution  being, 
poured  slowly  enough  so  that  most  of  the  foreign  sediment,  to- 
gether with  the  water,  remains  in  the  flask.  This  material  (about 
50  cc.  in  volume)  should  be  discarded,  and  not  poured  upon  the 
filter.  A  hot  water  funnel  is  convenient  for  this  filtration  but  can 
be  dispensed  with  if  necessary.  If  the  hot  water  funnel  is  used  the 
flame  should  be  turned  out  just  prior  to  beginning  the  filtration, 
since  picric  acid  in  benzene  is  a  highly  inflammable  mixture.  The 
clear  filtrate  should  be  received  in  a  beaker  of  about  2  liters 
capacity.  After  the  filtration  is  completed  (it  should  not  require 
more  than  10  to  15  minutes)  the  beaker  is  covered  with  a  large 
watch-glass,  and  heated  on  the  electric  plate  until  the  picric  acid 
which  has  begun  to  crystallize  is  again  brought  into  solution. 
The  covered  beaker  is  then  allowed  to  stand  at  room  temperature 
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for  several  hours  or  preferably  over  night  without  agitation. 
After  this  period  the  picric  acid  will  be  found  to  have  crystallized 
on  the  bottom  and  sides  of  the  beaker  in  large  hard  yellow- 
brown  crystals,  from  which  the  excess  of  benzene  can  readily  be 
drained  without  recourse  to  any  filtration.  The  crystalline  mass 
is  washed  twice  by  gentle  rotary  shaking  with  75  cc.  portions  of 
benzene,  and  the  residue  finally  allowed  to  drain  thoroughly  for 
15  to  30  minutes.  For  the  draining  it  is  convenient  to  invert 
partially  the  beaker  in  a  large  glass  funnel.  The  crystallized  picric 
acid  can  now  be  freed  from  the  last  of  the  benzene  by  drying  in 
the  air  (which  requires  a  long  time  and  is  hence  undesirable  in  the 
average  laboratory  on  account  of  access  of  impurities)  or  better  by 
placing  in  an  air  bath  at  about  80°  for  a  few  hours,  with  occasional 
stirring.  The  product  should  be  finally  powdered  by  gentle 
rubbing  in  a  mortar,  and  preserved  in  a  brown  glass-stoppered 
bottle.  About  85  per  cent  of  the  picric  acid  used  is  recovered  in 
the  purified  form.  The  benzene  may  be  recovered  by  distillation 
preferably  in  vacuo  from  a  water  bath. 

The  above  process  has  yielded  better  picric  acid  for  creatinine 
determinations  than  we  have  been  able  to  obtain  in  any  other  way. 
The  best  product  prepared  in  this  way  read  slightly  over  14  mm.  by 
the  Folin-Doisy  test,  with  the  standard  set  at  20  mm.,  which  is 
quite  the  best  picric  acid  that  we  have  ever  seen.     Starting  with 
commercial  samples  which  read  8  to  10  mm.,  the  single  crystal- 
lization above  outlined  will  yield  a  product  reading  from  11  to  12.5 
mm-y  which  is  amply  pure  enough  for  creatinine  determinations. 
"0  are  continuing  the  work  to  try  to  find  just  how  free  from 
color-yielding  substances  it  is  possible  to  obtain  picric  acid,  and 
*°  attempt  to  identify  the  nature  of  the  color-yielding  material, 
-through  concentrating  the  mother  liquors  it  has  been  possible  to 
°*>tain  a  product  which  yields  a  most  surprising  amount  of  color 
^th   alkali,  and  it  is  hoped  that  further  work  will  reveal  the 
Mature  of  the  substance  responsible  for  this  reaction. 
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GROWN  IN  SOLUTIONS  OF  PURIFIED 

NUTRIENTS. 

By  MARGARET  B.  MacDONALD. 

(From  the  Department  of  Chemical  Hygiene,  School  of  Hygiene  and  Public 
Health,  the  Johns  Hopkins  University,  Baltimore.) 

(Received  for  publication,  August  11,  1922.) 

In  a  previous  paper  (1)  it  was  stated  that  yeast  could  be  grown 
in  a  solution  of  purified  nutrients  in  quantities  sufficient  for  feed- 
ing.   It  was  of  interest  to  determine  through  feeding  tests  with 
young  rats  whether  such  yeast  would  serve,  as  do  baker's  and 
brewer's  yeasts,  as  a  source  of  water-soluble  B.    Positive  results 
would  indicate  the  synthesis  of  the  vitamine  by  the  yeast  cell. 
In  the  first  test  with  this  end  in  view  three  varieties  of  yeast  were 
grown  in  Nutrient  Solution  1(1)  and  dried  at  room  temperature. 
From  0.1  to  0.4  gm.  of  this  yeast  was  administered  daily  to  young 
rats  that  had  been  kept  on  a  diet  free  from  water-soluble  B  until 
they  began  to  lose  weight.     The  result  was  not  decisive  and  a 
second  test  was  undertaken  in  which  the  yeast  grown  in  a  sterile 
solution  of  mineral  salts,  ammonium  sulfate,   and  cane-sugar, 
formed  2  per  cent  of  the  diet  of  young  rats  after  a  period  of  a  water- 
soluble  B-free  diet.    The  observed  increase  in  weight  did  not 
compare  favorably  with  that  reported  by  other  investigators  for 
commercial  yeast  and  by  Nelson,  Fulmer,  and  Cessna  (2)  for 
yeast  grown  in  their  synthetic  medium  and  fed  at  this  level.     The 
latter  secured  a  good  response,  as  shown  by  their  growth  curves 
for  young  rats,  on  the  addition  of  2  per  cent  of  yeast  to  the  basal 
diet.    They  concluded  that  yeast  was  capable  of  synthesizing 
water-soluble  B  when  grown  in  a  nutrient  solution  of  the  necessary 
mineral  salts,  ammonium  chloride,  and  cane-sugar. 

In  view  of  the  unsatisfactory  nature  of  the  first  and  second  tests 
and  the  fact  that  the,  results  with  yeast  grown  in  a  very  slightly 
different  medium  did  not  fully  substantiate  those  of  Nelson, 
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Fulmer,  and  Cessna,  a  third  test  was  undertaken  in  which  several 
varieties  of  yeast  grown  under  definite  conditions  formed  a  higher 
percentage  of  the  diet  of  young  rats.  One  of  the  earlier  papers  of 
Funk  and  Macallum  (3)  shows  that  moderately  good  growth  curves 
with  2  per  cent  of  yeast  were  much  improved  by  increasing  the 
yeast  to  6  per  cent.  The  method  for  the  production  of  the  yeast 
and  the  results  obtained  by  feeding  it  at  5  per  cent  to  growing  rats 
are  set  forth  in  this  paper. 

Preparation  of  the  Yeast. 

Cultures  of  Saccharomyces  cerevisice  and  Saccharomyces  ellip- 
soideus  were  obtained  from  Parke,  Davis  and  Company;  cultures 
of  yeasts  XII  and  K  were  furnished  by  the  Fleischmann  Labora- 
tories and  one  culture  was  plated  from  a  commercial  yeast  but  not 
identified.  These  five  varieties  of  yeast  were  carried  through 
from  ten  to  twenty  successive  seedings  in  Nutrient  Solution  3 
before  being  used  for  the  production  of  the  yeast  in  quantity. 

The  nutrient  solution  in  bulk  was  heated  to  boiling  on  2  suc- 
cessive days  and  was  measured  into  sterile  1  liter  Erlenmeyer 
flasks  and  heated  to  boiling  on  the  3rd  day.  The  amount  of 
nutrient  solution  measured  into  the  production  flasks  was  such  as 
would  give  the  greatest  surface  area,  usually  150  cc.  These  flasks 
were  allowed  to  stand  for  several  days  to  test  their  sterility  and 
were  then  inoculated  from  a  sterile  pipette  with  5  cc.  of  a  yeast 
suspension,  made  by  agitating  the  contents  of  carefully  inspected 
seeding  flasks.  With  these  precautions,  possibilities  of  contami- 
nation were  reduced  to  a  minimum  and  it  was  necessary  to 
discard  surprisingly  few  flasks  because  of  foreign  growths.  The 
production  flasks  were  placed  on  shelves  against  the  wall  in  a  room 
with  one  window  in  an  adjacent  north  wall,  the  yeast  growing  in 
diffused  light  and  at  room  temperature.  It  was  possible  to  keep 
the  temperature  of  the  room  between  18  and  23°  C.  For  the 
preparation  of  the  seed  yeast  in  smaller  quantities  a  temperature 
of  24-30°  C.  was  maintained.  All  the  varieties  grew  at  the 
bottom  of  the  flasks  with  little  or  no  apparent  fermentation. 

The  length  of  time  between  inoculation  and  filtration  of  theyeast 
varied  from  4  to  7  days,  depending  on  the  temperature,  the  variety 
of  yeast,  degree  of  aeration,  nutrient  solution  used,  and  other 
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conditions.    Usually  a  trial  flask  from  the  shelves  was  filtered  on 

the  5th  day  after  inoculation  to  serve  as  an  index.     The  yeast  was 

easily  filtered  by  suction  and  washed  with  distilled  water.    The 

filter  paper,  with  a  layer  of  yeast  cells  about  iV  inch  thick,  was 

removed  from  the  Buchner  funnel  and  left  on  absorbent  paper 

until  the  cake  began  to  pull  away  from  the  filter  paper.    The 

yeast  was  then  readily  broken  into  small  pieces  and  placed  on 

fresh  filter  paper  and  allowed  to  dry  in  the  air  at  room  temperature 

for  24  hours. 

The  size  of  the  seedings  was  obtained  by  filtering  an  aliquot  part 

of  the  seeding  suspension  and  weighing  the  washed  yeast  cells 

air-dry.     The  yield  of  yeast  was  not  proportional  to  the  size  of 

the  seeding  nor  to  the  volume  of  nutrient  solution  used.    But  for 

wie  five  varieties  of  yeast  grown  in  Nutrient  Solution  3,  1  gm.  of 

yeast,  weighed  air-dry,  yielded  from  15  to  18  gm.  air-dry  product. 

The  time  of  production  was  shorter  and  fermentation  more  evident 

u*  Nutrient  Solutions  4,  5,  and  6,  but  the  yield  of  yeast  was  not 

greater  than  in  Nutrient  Solution  3. 

Nutrient  Solution  S. 

1  liter  distilled  water. 

50      gm,  cane-sugar  (Domino). 

2  "    potassium  dihydrogen  phosphate,  c.p. 
2.35    "    ammonium  sulfate,  c.p. 

0.25    "    calcium  chloride,  c.p. 
0.25    "    magnesium  sulfate,  c.p. 

Nutrient  Solution  4-1 

360  gm.  Porto  Rican  molasses  substituted  for  50  gm. 
Domino  sugar  in  Nutrient  Solution  3. 

Nutrient  Solution  5. 

0.1  gm.  Bacto-peptone  (Difco)  added  to  1   liter  of 
Nutrient  Solution  3. 

Nutrient  Solution  6} 

A  centrifuged  water  extract  of  equal  weights  of  malt 
and  rye,  containing  approximately  0.03  gm.  solids 
per  cc.  of  extract. 


Nu**ient  Solutions  4  and  6  were  made  by  Miss  M.  Koch,  and  the  samples 
acc^aromyces  cerevisia  grown  in  them  were  prepared  by  her. 
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Basal  Diet  (4).  Salt  Mixture  185  (4). 


percent 

Casein  (purified) 18.0       NaCl 0.173 

Salt  mixture  185 3.7        MgSO«  (anhydrous) 0.266 

Agar-agar 2.0       NaH,PC>4.H,0 0 . 347 

Dextrin 71 .3        K2HPO« 0.954 

Butter  fat 5.0       CaH«(PO08.H2O 0.540 

Iron  citrate 0. 118 

Calcium  lactate 1 .300 

Feeding  Test.- 

Young  rats  weighing  60  to  70  gm.  were  placed  on  a  basal  diet 
adequate  for  growth  in  every  respect  excepting  that  it  lacked 
water-soluble  B  (4)  until  they  began  to  decline  in  weight.  This 
constituted  Period  1  on  Charts  1,  2,  and  3.  During  Period  2,  5 
per  cent  of  yeast  replaced  that  amount  of  dextrin  in  the  basal  diet. 
In  compounding  the  ration  air-dry  yeast  was  ground  in  a  mortar 
and  thoroughly  mixed  with  the  other  ingredients. 

Chart  2,  Lot  3322  C  shows  the  growth  curve  of  a  control  rat 
that  was  kept  on  the  basal  diet  until  quite  feeble..  During  Period 
2  it  received  a  ration  in  which  4  per  cent  of  wheat  embryo  replaced 
that  amount  of  dextrin  in  the  basal  diet. 

The  rats  were  allowed  free  access  to  a  weighed  quantity  of  food 
and  the  actual  amount  eaten  determined  by  weighing  what  was 
not  consumed  three  times  a  week.  The  food  consumption  was 
about  normal.  While  the  animals  gained  in  weight  their  coats 
were  not  sleek  nor  was  their  general  appearance  up  to  standard. 

DISCUSSION. 

Of  the  many  papers  reporting  the  use  of  yeast  as  the  source  of 
water-soluble  B,  only  a  few  typical  ones  are  cited.  Osborne  and 
Wakeman  (5)  found  that  young  rats  declining  on  a  diet  free  from 
water-soluble  B  recovered  promptly  on  the  addition  of  brewer's 
yeast  extract  equivalent  to  0.2  gm.  of  yeast;  and  Hawk,  Fishback, 
and  Bergcim  (0)  secured  an  "  immediate  and  pronounced  increase 
in  body  weight"  on  the  addition  of  5  per  cent  of  dried  baker's 
yeast  to  the  vitamine  B-free  diet  of  young  rats.     The  growth 

2  The  tests  were  conducted  with  the  help  and  advice  of  Miss  Nina 
Simmonds. 


1 

-• 

,'r 

.... 

M 

„.. 

"" 

:: 

■fv. 

-'-.-. 

:;v 

S', 

1 

" 

Is 

"'.:-;. 

'-,,, 

/ 

/ 

■/ 

I 

JT* 

f 

0 

' 

f 

J 

r 

j 

X 

r 

,.L 

1 

ii 


t&^§ 


sat: 


sm 

•m 

«« 

,,., 

H 

$SZ 

£, 

&: 

t 

m 

«■', 

'"" 

ft 

-II 

>f 

/ 

,- 

* 

/ 

f' 

/r- 

.:. 

248  Synthesis  of  Water-Soluble  B 

curves  of  Charts  1  to  3  compare  favorably  with  those  reported  by 
these  investigators.  More  recently  Kennedy  and  Palmer  (7) 
after  long  continued  feeding  of  yeast  have  expressed  doubt  as 
to  the  "suitability  of  yeast  as  a  source  of  vitamine-B  in  nutrition 
experiments"  because  of  its  variability. 

Whether  the  yeast  grown  without  vitamine  would  be  a  satis- 
factory source  of  water-soluble  B  for  a  long  period  has  not  been 
determined.  For  the  limited  time  of  this  test  the  growth  curves 
of  the  rats  receiving  yeast  grown  in  Nutrient  Solution  3  do  not 
differ  markedly  from  those  of  rats  receiving  yeast  from  Nutrient 
Solutions  4,"  5,  and  6.  •  It  would  seem  that,  in  as  far  as  its  content 
of  water-soluble  B  is  concerned,  yeast  grown  in  solutions  of 
purified  nutrients  is  much  like  yeast  grown  in  other  mediums. 
There  can  be  no  doubt  that  the  rats  in  this  test  received  a  supply 
of  water-soluble  B  during  Period  2.  Those  of  Lots  3320  A,  3320  B, 
3320  C,  3321  A,  and  3321  B,  received  yeast  grown  in  Nutrient 
Solution  3;  and  the  vitamine  B  this  yeast  contained  was  synthe- 
sized by  the  yeast  cells. 

The  results  obtained  by  feeding  five  varieties  of  yeast  amplify 
the  findings  of  Nelson,  Fulmer,  and  Cessna  (2)  and  make  general 
their  conclusion  for  one  variety  of  yeast. 

The  work  was  suggested  by  Dr.  E.  V.  McCollum,  and  the 
author  wishes  to  acknowledge  the  many  benefits  received  through- 
out the  investigation. 
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STUDIES  ON  EXPERIMENTAL  RICKETS. 

XXHI.  THE  PRODUCTION  OF  RICKETS  IN  THE  RAT  BY  DIETS 
CONSISTING  ESSENTIALLY  OF  PURIFIED  FOOD 

SUBSTANCES. 

By  E.  V.  McCOLLUM,  NINA  SIMMONDS,  and  J.  ERNESTINE 

BECKER, 

(From  the  Department  of  Chemical  Hygiene,  School  of  Hygiene  and  Pvblie 
Health,  the  Johns  Hopkins  University,  Baltimore.) 

and  P.  G.  SHIPLEY. 

{From  the  Department  of  Pediatrics,  the  Johns  Hopkins  University, 

Baltimore.) 

(Received  for  publication,  August  26, 1922.) 

The  experimental  diets  employed  for  the  study  of  the  etiology 
°*  *"ickets  in  this  country  and  in  England,  have  invariably  consisted 
^**oHy  or  in  great  part  of  natural  food  substances.  Since  the 
mdividual  foods  which  were  employed  have  been  studied  by 
methods  which  reveal  in  great  measure  their  specific  dietary 
Properties,  it  seemed  possible  to  interpret  satisfactorily  the  nature 
of  the  deficiency  of  these  diets  and  hence  the  etiological  factors 
operating  in  the  causation  of  rickets. 

However,  too  little  is  known  of  the  science  of  nutrition  to  elimi- 
nate from  the  minds  of  critical  students  the  possibility  that  when 
natural  foods  are  used  in  feeding  experiments,  unappreciated 
factors  may  be  active  in  inducing  pathological  states.  Our  own 
studies  of  the  past  year  have  revealed  the  existence  of  a  distinct 
nutritive  principle  which  has  been  confused  hitherto  with  the  vita- 
P*to  A.  Such  results  tend  to  discourage  the  acceptance  of  the 
interpretations  as  final  which  now  appear  as  satisfactory  to  account 
IOr  malnutrition  of  specific  types. 

I&  studying  the  etiology  of  rickets  we  have  attempted  to  avoid 
ffror,  by  always  employing  diets  with  essentially  like  character- 
ises, derived  from  widely  different  kinds  of  natural  foods,  supple- 
mented in  various  ways  with  isolated  food  substances.    We  felt 
tbat  if  the  same  histological  conditions  were  produced  in  all  cases 
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by  experimental  diets  which  we  believed  to  have  the  same  proper- 
ties regardless  of  the  sources  from  which  the  diets  were  derived, 
we  were  justified  in  drawing  conclusions  about  the  relations  of  the 
faults  in  the  food  to  the  structure  of  the  bones.  We  hoped  by 
this  procedure  to  supply  strong  confirmatory  evidence  of  the  cor- 
rectness of  our  conclusions,  or  to  discover  discrepancies  in  our 
results  which  would  point  the  way  to  specific  information  which 
would  extend  our  knowledge  of  the  food  substances  which  we  had 
used. 

We  employed  on  the  one  hand,  many  diets  derived  from  cereal 
grains,  legume  seeds,  isolated  proteins,  inorganic  salts,  and  fats 
from  various  sources,  and  on  the  other  hand  a  series  of  diets  in 
which  liver,  casein,  and  dextrin  formed  the  principal  components. 
These  diets  were  supplemented  in  many  ways  with  isolated  food 
substances.  The  results  presented  in  the  earlier  papers  of  this 
series  of  studies  on  rickets,  rest  upon  observations  on  the  bones  of 
rats  fed  nearly  1,000  modifications  of  such  diets.  As  our  experience 
broadened,  we  found  it  possible  to  predict  with  certainty  the 
changes  which  would  occur  in  the  skeleton  as  the  result  of  restrict- 
ing a  young  rat  to  a  diet  so  constituted  as  to  have  deficiencies  of 
certain  definite  kinds,  no  matter  what  materials  the  diet  was  com- 
posed of. 

In  order  to  check  the  accuracy  of  our  conclusions  based  upon 
feeding  diets  derived  principally  from  foods  of  a  complex  character 
as  they  occur  in  nature,  we  have  extended  our  studies  to  include 
the  effects  of  feeding  diets  consisting  essentially  of  purified  food 
substances.  The  experiments  here  discussed  were  carried  out 
under  hygienic  conditions  as  respects  temperature,  cleanliness, 
ventilation,  opportunity  for  exercise,  and  absence  of  direct  sun- 
light, comparable  to  practically  all  those  previously  reported. 

The  detailed  study  of  the  influence  on  metabolism  of  modify- 
ing the  amounts  and  proportions  of  the  several  mineral  elements 
in  the  diet  is  extremely  complex.  Much  time  and  labor  must  be 
invested  in  this  line  of  study  before  sufficient  data  can  be  secured 
to  make  it  profitable  to  discuss  the  subject  in  detail.  It  is,  how- 
ever, of  interest  to  report  at  this  time,  the  production  of  rickets 
in  young  rats  restricted  to  a  diet  consisting  essentially  of  isolated 
food  substances. 

The  diets  employed  in  the  experiments  here  described  had  the 
following  compositions: 
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Lot  8407. 

per  cent 

'Wheat  germ  (extracted  with  ether  and  chloroform) 3.0 

'Wheat  gluten  (purified) 15.0 

Gelatin* 15.0 

Agar-agar 2.0 

Salt  Mixture  XXI 3.9 

CaCO, ' 1.5 

Dextrin  (purified) 56. 96 

NaH,P04  +  H,0 0.64 

Butter  fat ; .  2.0 

Lot  3408- 

per  cent 

Wheat  germ  (extracted  with  ether  and  chloroform) 3.0 

Wheat  gluten  (purified) 5.0 

G«latin*. 5.0 

Casein  (purified) 5.0 

Agar-agar 2.0 

Salt  Mixture  XXI 3.9 

CaCOi 1.5 

Dextrin  (purified) 72.6 

Butter  fat 2.0 

•  The  gelatin  employed  was  Bacto-gelatin,  manufactured  by  The  Diges- 
tive Ferments  Company.    It  contained  0.12  per  c£ht  of  phosphorus  and 
essentially  free  from  other  inorganic  elements. 


Animals  on  these  diets  showed  marked  signs  of  rickets  at  autopsy. 
On  histological  examination  all  the  characteristic  features  of  the 
disease  were  found  in  the  bones;  viz.,  overgrowth  of  the  cartilage, 
and  absence  of  the  provisional  zone  of  calcification.  There  was 
invasion  of  the  cartilage  disc  by  blood  vessels  with  a  resulting 
irregularity  of  the  epiphyseodiaphyseal  line.  The  metaphysis 
was  typically  rachitic,  and  there  was  overproduction  of  osteoid 
tissue  without  signs  of  abnormal  activity  in  resorption. 


TABLE  I. 

Inorganic  Constituents  of  the  Diets. 

Gm.  per  100  gm.  of  ration. 

Lot  No. 

K 

Na 

Ca 

Mg 

s 

CI 

P 

Weight 

ratio 

Ca:P. 

Atomic 

ratio 

Ca:P. 

gm. 

gm. 

gm. 

gm. 

gm. 

gm. 

gm. 

3407 

0.533 

0.517 

1.202 

0.010 

0.173 

0.781 

0.217 

1:0.181 

1:0.223 

3408 

0.533 

0.411 

1.202 

0.010 

0.121 

0.781 

0.088 

1:0.073 

1:0.094 
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Composition  of  Salt  Mixture  XXI. 

gm. 

CaCO, 1.5 

KC1 1.0 

NaCl 0.5 

NaHCO, 0.7 

FeSO<  +  7H20 0.2 

The  small  amount  of  wheat  germ  contained  in  the  above  rations 
was  employed  rather  than  an  extract  containing  the  vitamin  B, 
because  only  a  very  incomplete  separation  of  the  vitamin  from  con- 
taminating substances  has  been  accomplished.  The  employment 
of  an  extract  of  wheat  germ,  would  we  believe,  offer  little  or  no 
advantage  from  the  standpoint  of  interpreting  the  results,  over 
the  inclusion  of  3  per  cent  of  fat-free  wheat  germ. 

The  animals  restricted  to  these  diets  developed  xerophthalmia 
notwithstanding  the  presence  of  sufficient  fat-soluble  A  to  cover 
the  minimum  nutritive  needs  of  the  rat.  We  have  described  else- 
where1 the  occurrence  of  this  "salt  ophthalmia." 

1  McCollum,  E.  V.,  Simmonds,  N.,  and  Becker,  J.  E.,  /.  Biol.  Chem.t 
1922,  liii,  313. 
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I.    STROPHANTHIDIN. 

By  WALTER  A.  JACOBS  and  MICHAEL  HEIDELBERGER.  • 
{^Tom  the  Laboratories  of  The  Rockefeller  Institute  for  Medical  Research,) 

(Received  for  publication,  July  27,  1922.) 

The  classical  studies  of  Fraser1  and  the  confirmatory  work  of 
Peist2  on  the  Kombd  arrow-poison  have  shown  it  to  contain  a 
glucoside,  strophanthin,  which  yields  on  hydrolysis  a  crystalline 
substance,  strophanthidin,  and  reducing  sugars.  Although  Fraser 
worked  at  a  time  when  botanical  classification  was  uncertain,  it 
is  now  conceded  that  his  material  was  in  the  main  Strophanthus 
kombt.  More  recent  comparative  studies3  have  demonstrated  that 
the  glucosides  of  Strophanthus  kombi  and  Strophanthus  hispidus 
are  closely  related  since  they  yield  the  same  strophanthidin  on 
hydrolysis.  More  recently  Windaus  and  Hermanns4  have  found 
that  the  cymarin  of  Apocynum  cannabinum  is  also  a  glucoside 
of  strophanthidin  (cymarigenin).  Strophanthidin  is  thus  seen  to 
be  a  component  of  a  number  of  glucosides  which  possess  a  charac- 
teristic action  on  the  heart,  and  further  study  of  its  still  obscure 
chemistry  is  of  interest  especially  since  there  is  suspicion  of  its 
close  relationship  to  the  still  little  understood  members  of  the 
digitalis  series. 

Feist,  who  was  the  first  to  attempt  a  careful  inquiry  into  the 
nature  of  the  substance,  deduced  the  formula  C27H38O7  +  2\  H20. 
The  difficulty  which  he  experienced  in  preparing  the  anhydrous 

1  Fraser,  T.  R.,  Strophanthus  hispidus;  its  natural  history,  chemistry, 
and  pharmacology,  Edinburgh,  1891.  Fraser,  T.  R.,  and  Dobbin,  L.,  7Y. 
Roy.  Soc.  Edinburgh,  1891-93,  xxxvii,  1. 

*  Feist,  F.,  Ber.  chem.  Ges.,  1898,  xxxi,  534;  Ber.  chem.  Ges.t  1900,  xxxiii, 
2063, 2069, 2091. 

*  Heffter,  A.,  and  Sachs,  F.,  Biochem.  Z.,  1912,  xl,  83.  Brauns,  D.  H., 
and  Closson,  O.  E.,  /.  Am.  Pharmaceut.  Assn.,  1913,  ii,  489,  604,  715. 

*  Windaus,  A.,  and  Hermanns,  L.,  Ber.  chem.  Ges.f  1915,  xlviii,  979,  991. 
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substance  by  ordinary  means  was  overcome  by  the  preparation  of 
a  form  containing  methyl  alcohol  of  crystallization  which  was 
readily  driven  off.  The  lactone  nature  of  the  substance  was 
determined  by  its  behavior  toward  alkali.  The  resulting  acid 
when  liberated  was  not  isolated  as  such  but  lost  water  with  the 
formation  of  a  new  crystalline  isomeric  lactone  which  he  called 
strophanthidinic  acid  lactone.  The  only  other  definite  product 
studied  by  him  was  a  crystalline  strophanthic  acid  which  resulted 
from  the  oxidation  of  strophanthidin  with  permanganate  in 
alkaline  solution  and  for  which  he  adopted  the  incorrect  formula 
C27H38O9. 

On  the  basis  of  analysis  and  titration  of  strophanthidin  as  well 
as  data  obtained  from  the  glucoside,  cymarin,  itself,  Windaus 
and  Hermanns  have  more  recently  derived  the  formula  CaHaoOt 
+  1$  H20  for  the  air-dry  substance.  They  likewise  experienced 
difficulty  in  obtaining  the  anhydrous  substance  but  since  long 
drying  in  vacuo  at  110°  caused  a  loss  of  water  corresponding  to 
1$  mols,  they  concluded  that  it  has,  when  anhydrous,  the  com- 
position, QaHaoOe.  Contrary  to  these  workers  we  have  experienced 
little  difficulty  in  drying  the  substance  to  constant  weight  in  vacuo 
at  110°  over  phosphorus  pentoxide  and  we  have  noted  a  loss  in 
weight  corresponding  to  only  £  H2O.  Similar  observations  have 
already  been  recorded  by  Brauns  and  Closson,8  who,  however, 
accepted  the  older  formula  of  Feist.  Our  analytical  data  force 
the  conclusion  that  anhydrous  strophanthidin  possesses  the  formula 
C23H32O6  and  that  the  loss  in  weight  corresponding  to  1 J  H20  noted 
by  Windaus  and  Hermanns  was  in  part  the  result  of  decomposition. 
This  conclusion  is  supported  by  the  analysis  of  strophanthidin 
benzoate  which  these  workers  reported  and  which  we  have  con- 
firmed, and  also  by  the  analytical  data  obtained  with  all  the  deriva- 
tives to  be  described  below.  By  way  of  confirmation  of  the  choice 
between  the  C23  formula  and  the  original  C27  formula  of  Feist  we 
believed  that  the  preparation  and  complete  analysis  of  the 
p-bromobenzoate  should  prove  quite  conclusive.  The  result 
confirmed  the  formula  C23H32O6. 

On  reduction  with  palladium  and  hydrogen  strophanthidin 
yielded  a  dihydro  compound,  C03H34O6,  which  was  isolated  as  a 
mono-  and  a  dihydrate.  Although  the  reaction  required  an 
unusual  time  for  completion  and  a  relatively  large  amount  of 
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colloidal  palladium,  it  seems  probable  that  the  point  of  attack  was 
a  double  bond.  The  reduction  of  a  carbonyl  group  seems  excluded 
since  only  a  monobenzoate  was  obtained  by  benzoylation  of  the 
hydrogenated  compound.  Contrary  to  Feist  and  Fraser,  Windaus 
and  Hermanns  state  that  strophanthidin  reacts  with  ketone 
reagents,  but  they  were  unable  to  isolate  definite  products.  We 
have  on  the  contrary  prepared  the  crystalline  oxime  and  the 
phenyl  and  p-bromophenylhydrazones  of  this  substance  which 
definitely  prove  the  presence  of  a  carbonyl  group.  From  all  indica- 
tions this  is  ketonic  in  character. 

Finally,  our  analyses  show  that  isostrophanthidin  (isocy- 
marigenin  of  Windaus  and  Hermanns  or  strophanthidinic  acid 
lactone  of  Feist),  like  strophanthidin,  possesses  when  anhydrous 
the  formula  C23H32O6.  In  accord  with  this  the  formula  of  iso- 
strophanthidin benzoate  was  found  to  be  C3aH3607. 

At  present  it  may  be  concluded  that  strophanthidin,  although  it 
may  have  at  least  one  double  bond,  possesses  mainly  a  saturated 
alicyclic  skeleton.  Of  the  six  oxygen  atoms,  two  are  accounted  for 
by  the  lactone  group,  one  by  a  carbonyl  group,  and  one  by  an 
alcoholic  group. 

EXPERIMENTAL. 

Strophanthidin. — Strophantus  kombi  seeds,  purchased  on  the 
open  market,  were  ground,  defatted  with  gasoline  and  then 
exhaustively  percolated  with  70  per  cent  alcohol.  The  resulting 
extract  was  concentrated  under  diminished  pressure  to  a  thick 
syrup5  which  was  then  worked  up  in  portions  of  500  gm.  In  each 
case  this  amount  was  dissolved  in  1  liter  of  warm  water.  The 
solution  was  cooled  and  treated  with  basic  lead  acetate  solution 
as  long  as  a  precipitate  formed.  At  first  crude  strophanthin  was 
precipitated  from  the  filtrate  and  washings  with  an  excess  of  solid 
ammonium  sulfate  according  to  Thorns,6  but  this  added  purifica- 
tion was  soon  found  to  be  unnecessary  for  the  preparation  of 
strophanthidin.  Instead  the  above  filtrate  and  washings  were 
treated  with  sufficient  25  per  cent  sulfuric  acid  to  precipitate  the 
dissolved    lead    and    then    filtered.     Concentrated    hydrochloric 

*  The  large  scale  operations  were  performed  for  us  by  Schieffelin  and  Co. 
of  New  York. 

•  Thorns,  H.,  Ber.  pharm.  Ges.,  1904,  xiv,  104. 
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acid  was  added  to  the  filtrate  until  the  latter  became  just  acid  to 
Congo  red,  an  excess  of  acid  being  carefully  avoided.  The 
mixture,  the  volume  of  which  was  about  1,500  cc,  was  then 
heated  on  the  water  bath  for  3  to  4  hours  at  70-80°.  The  olive- 
colored  solution  slowly  deposited  the  crude  strophanthidin  as 
lustrous  plates  which  were  somewhat  tinged  with  green.  The 
collected  crystals  were  washed  with  water  and  air-dried.  The 
yield  of  crude  product  was  about  25  gm.  from  each  kilo  of  seeds. 
When  recrystallized  from  95  per  cent  alcohol  the  substance  was 
readily  purified  and  formed  stout  rhombic  crystals  which  agreed 
essentially  in  all  properties  with  those  recorded  in  the  literature. 
Its  specific  rotation  was  found  to  be 

[«]*  -  +43.1°  (c  -  2.796  in  methyl  alcohol.) 

As  a  rule  it  melted  with  effervescence  at  about  171-175°  although 
the  exact  point  depended  upon  the  rate  of  heating.  Occasionally 
we  have  obtained  crystals  which  scarcely  sintered  at  this  point 
and  melted  at  about  230°.  In  either  case  the  air-dried  material 
contained  0.5  mol  of  water  of  crystallization  which  it  gradually  lost 
when  heated  under  20  mm.  pressure  at  100-110°  over  phosphorus 
pentoxide,  with  accompanying  slight  discoloration.  Contrary  to 
Windaus  and  Hermanns4  no  further  loss  of  water  was  observed  on 
continued  heating  even  at  a  pressure  below  1  mm.  except  in  cases 
where  sulfuric  acid  was  used  as  the  drying  agent.  Here  extensive 
decompositon  occurred,  as  shown  by  the  formation  of  a  dark  brown 
resin  which  no  longer  had  the  physical  properties  of  strophanthidin. 
Brauns  and  Closson8  likewise  found  no  difficulty  in  removing  the 
water  of  crystallization  which  they  considered  to  be  1  molecule 
on  the  basis  of  Feist's2  old  formula,  C27H38O7.  Our  analytical 
data,  as  well  as  those  of  Brauns  and  Closson,  obtained  with  anhy- 
drous strophanthidin,  agree  just  as  well  for  the  formula  C23H320e 
which  we  adopt. 

Air -dry  substance. 

CuHmOi.  i  HiO.    Calculated.    C  06.79,  H  8.05. 

Found,  (a).     "  C6.65,  "  7.91. 
"       (b).     "-66.59,  "  7.82. 
Anhydrous  substance. 

C,0H,iO6.    Calculated.    C  68.27,  H  7.98. 

Found,  (a).     "  68.24,  "  8.12. 

(b).    "  68.14,  "  8.18. 
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Strophanthidin  Benzoate. — This  was  prepared  essentially  ac- 
cording to  the  method  used  by  Windaus  and  Hermanns.  To  the 
properties  recorded  by  these  workers  we  may  add  that  the  sub- 
stance is  easily  soluble  in  chloroform  and  acetone  and  sparingly 
so  in  the  cold  in  methyl  and  ethyl  alcohols.  In  concentrated 
sulfuric  acid  it  gives  an  orange-red  color  which  changes  to  a 
brown-orange. 

Our  analysis  of  this  substance  dried  in  vacuo  at  110°  accords  with 
the  results  of  Windaus  and  Hermanns  and  gives  the  formula 
doHseO?.  The  air-dry  substance,  however,  contained  1£H20 
and  gave 

[a]"  -  +  47.8°    (c  -  1.067  in  acetone.) 

Air-dry  substance. 

C,0HMO7.  1}  HiO.    Calculated.    H,0  5.05. 

Found.  "    4.68. 

Anhydrous  substance. 

C,oH8607.    Calculated.    C  70.83,  H  7.14. 

Found,  (a).     "  70.70,  "  7.28. 

"       (b).     "  70.66,  "  7.20. 

» 

Strophanthidin  p-Bro?nobenzoate. — 2  gm.  of  strophanthidin  were 
dissolved  in  30  cc.  of  pyridine  and  the  chilled  solution  was  treated 
with  2  gm.  of  p-bromobenzoyl  chloride  dissolved  in  ether.  After 
24  hours  the  ester  was  precipitated  with  water.  After  digesting 
the  collected  precipitate  with  dilute  carbonate  it  was  filtered  off 
and  washed  with  water.  The  careful  addition  of  water  to  the 
solution  in  hot  acetic  acid  caused  the  separation  of  a  rapidly  crys- 
tallizing gum.  The  air-dried  substance  is  sparingly  soluble  and 
contains  1  molecule  of  water  of  crystallization  which  is  readily 
removed  in  vacuo  at  110°.  The  anhydrous  substance  melts 
at  222-224°  with  decomposition  and  gives 

[a]^  =  +  42.0°      (c  =  1.094  in  acetone.) 

The  analysis  of  this  substance  makes  possible  a  definite  and  final 
decision  between  the  formula  C3oH3507Br  based  on  that  for 
strophanthidin  of  C23H32O6  and  the  one  based  on  the  formula  of 
Feist;  i.e.,  CwHuOsBr. 
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Air-dry  substance . 

CioHuOrBr-HiO.    Calculated.    H,0  2.98. 

Found.  "    3.53. 

Anhydrous  substance. 

C,oH«07Br.    Calculated.    C  61.31,  H  6.01,  Br  13.61. 

CnHuOsBr.  "  "  62.08,  "  6.29,  "    12.16. 

•Found,  (a).     "61.07,  "  6.02,  "    13.57. 

"    (b).     "61.25,  "  6.04,  "    13.73. 

Strophanthidin  Oxime. — The  oxime  was  readily  obtained  by 
boiling  for  several  hours  a  solution  of  equivalent  amounts  of 
strophanthidin  and  hydroxylamine  hydrochloride  in  alcohol  con- 
taining sufficient  sodium  acetate.  RecrystaJlized  from  alcohol 
it  forms  minute,  colorless,  glistening  prisms  which  melt  and 
slowly  effervesce  at  270-275°.  It  is  easily  soluble  in  pyridine 
and  dissolves  less  readily  in  alcohol  and  acetic  acid.  In  concen- 
trated sulfuric  acid  the  solution  is  at  first  yellow  and  changes 
through  orange  to  a  red  shade. 

M"  =  +  7l-3°  (c  "  1009  in  Pyridine.) 
C„HM0eN.     Calculated.     C  65.83,  H  7.93. 
Found,  (a).      "  65.95,  "  7.98. 
(b).      "66.12,  "  7.92. 

Strophanthidin  Phenylhydrazone. — A  solution  of  2  gm.  of  stro- 
phanthidin in  20  cc.  of  absolute  alcohol  was  treated  with  1  gm. 
of  phenylhydrazine.  On  allowing  the  mixture  to  evaporate 
spontaneously  at  room  temperature  a  crop  of  large  stout  prisms 
formed.  Recrystallized  from  95  per  cent  alcohol  the  hydrazone 
separates  as  colorless,  glistening,  well  formed  prisms  which  sinter 
slightly  at  about  175°  and  melt  at  230-232°  to  a  liquid  filled  with 
bubbles.  It  dissolves  readily  in  chloroform,  acetone,  and  alcohol, 
and  but  sparingly  in  ether  or  benzene.  In  concentrated  sulfuric 
acid  it  gives  a  greenish  yellow  color  which  changes  through  brown 
to  red  and  finally  to  purple. 

[a]aD°  =  -5.0°    (c  =  1.000  in  chloroform.) 

Air-dry  substance  (dried  at  100°  in  vacuo  over  HjS04). 

C»H„06Ni-  2  HsO.    Calculated.    H,0  6.79. 

Found.  "     6.88. 

Anhydrous  substance. 

C,9H,808Ni.    Calculated.    C  70.42,  H  7.75,  N  5.67. 

Found,  (a).     "  70.30,  "  7.60,  "  5.91. 

"      (b).     "  70.34,  "  7.56,  "  6.01. 
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Strophanthidin  p-5romop^^yZ%dra2one.-Equimolecular  amounts 
of  strophanthidin  and  p-bromophenylhydrazine  were  dissolved  in  a 
small  volume  of  acetic  acid.  Shortly,  on  rubbing,  crystallization 
start^cl,  the  hydrazone  forming  glistening,  colorless  rhombs  which 
retained  solvent  of  crystallization.  When  recrystallized  from 
methyl  alcohol  the  acetic  acid  in  the  compound  is  replaced  by  the 
alcohol,  yielding  stout  pointed  prisms  which  soften  to  a  vitreous 
mass  from  180-185°  and  are  not  completely  molten  until  200°  is 
reached.  The  substance  dissolves  easily  in  alcohol  and  acetone, 
less  readily  in  chloroform  and  ether,  and  very  sparingly  in  benzene, 
forming  a  gum  before  dissolving  in  these  solvents.  In  concen- 
trated sulfuric  acid  it  dissolves  with  a  light  brown  color  which 
changes  first  to  red,  then  to  a  dirty  purple,  and  finally  becomes 
green. 

[a]*-'  =  +  105.5°  (c  -  1.004  in  chloroform.) 

Atr~dry  substance  (dried  at  100°  in  vacuo  over  HaSOO. 

C,9H,70*N8Br.liCH,OH.    Calculated.    CH,OH7.72. 

Found.  "       7.70. 

Anhydrous  substance. 
^^TOftNaBr.    Calculated.    C  60.71,  H  6.51,  N  4.89,  Br  13.93. 

Found,  (a).     "  60.78,  "  6.42,  "  5.18,  "    13.73. 
"       (b).     "  60.96,  "  6.42. 

D^-Jiydrostrophanthidin. — 15  gm.  of  carefully  purified  strophan- 
thidin were  dissolved  in  300  cc.  of  pure  methyl  alcohol,  treated 
with    a  solution  of  0.5  gm.  of  colloidal  palladium  in  50  per  cent 
meto^i  alcohol,  and  shaken  in  a  reduction  apparatus  in  an  at- 
mosphere 0f  hydrogen.    Absorption  of  the  gas,  which  occurred 
at  tt*e»rate  of  20  cc.  for  the  1st  hour,  rapidly  decreased  to  a  rate  of 
5  to  8  cc.  per  hour.    After  3  days,  an  additional  0.5  gm.  of  colloidal 
palk^dium  was  added.    This  caused,  however,  only  a  temporary 
acceleration  of  the  hydrogen  absorption.    After  2  weeks  this  had 
practically  ceased,  a  total  of  945  cc.  having  been  absorbed,  an 
am°Viiit  which  is  not  far  removed  from  1  mol,  especially  where 
leakage  over  so  long  a  period  was  unavoidable.    The  solution 
was  acidified  with  a  few  drops  of  acetic  acid  and  the  coagulated 
Palladium  was  filtered  off.    After  boiling  off  the  alcohol  from  the 
filtrate  a  mixture  of  oil  and  water  remained  which  was  boiled 
^ith.  1  liter  of  water  and  a  little  bone-black.    The  filtered  solution 
formed  an  emulsion  which  slowly  crystallized  when  allowed  to 
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cool  and  be  rubbed.  After  collecting,  washing  with  water,  and  dry- 
ing, the  yield  was  12  gm.  Recrystallized  from  a  small  volume 
of  50  per  cent  alcohol,  the  substance  separates  as  a  dihydrate 
in  the  form  of  glistening  rhombic  prisms.  It  melts  and  effervesces 
at  100-103°,  then  resolidifies  and  again  melts  with  effervescence  at 
145-147°  or  merely  sinters  at  this  point  and  then  melts  at  about 
190-195°,  depending  upon  the  rate  of  heating.  It  dissolves  readily 
in  alcohol,  acetone,  and  acetic  acid,  not  so  easily  in  chloroform, 
hot  water,  and  hot  benzene,  and  but  sparingly  in  ether.  In  methyl 
alcohol 

[a]"=  +34-85°    (C  =  1.004). 

In  concentrated  sulfuric  acid  dihydrostrophanthidin  gives  a 
bright  red-orange  color  of  a  much  brighter,  clearer,  and  permanent 
tint  than  that  given  by  strophanthidin.  The  latter  gives  at  first  a 
dirty  orange  with  a  greenish  tinge,  later  becoming  a  deep  brown- 
red.  Although  it  retains  its  water  of  crystallization  even  after 
long  exposure  to  air,  the  substance  loses  this  completely  in  a  few 
hours  at  room  temperature  in  a  vacuum  desiccator  over  sulfuric 
acid.  The  resulting  product  melts  at  190-195°  and  is  anhydrous 
since  it  loses  but  little  more  when  heated  in  vacuo  at  110°  over 
phosphorus  pentoxide. 

Air-dry  substance  (dried  at  first  at  room  temperature  and  finally  at  100° 
4  7i  vacvo  over  HjSOO . 

CMH,40e-2H,0.    Calculated.    H*0  8.14. 

Found.  "     8.17. 

A  nhydrous  substance. 

CuH^Oe.    Calculated.    C  67.99,  H  8.44. 
Found.  "  68.20,  "  8.43. 

A  different  hydrate  was  also  obtained  by  maintaining  an  aqueous 
solution  near  the  boiling  point  for  some  time  with  occasional 
rubbing.  Characteristic  rhombs  were  formed  containing  1  mole- 
cule of  water  of  crystallization.  These  were  dissolved  in  a  small 
volume  of  warm  50  per  cent  alcohol,  treated  with  hot  water  to 
turbidity,  and  seeded.  This  form,  when  rapidly  heated,  melts 
and  effervesces  at  145-147°,  and  then  resolidifies.  If  the  rate  of 
heating  is  too  slow  it  merely  sinters  at  this  point  and  melts  at 
190-195°.  In  solubilities  it  resembles  the  dihydrate  with  the 
exception  of  its  lower  solubility  in  hot  water. 
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Air-dry  substance  (dried  at  100°  in  vacuo  over  H1SO4). 

CttBMVHtO.    Calculated.    H,0  4.24. 

Found.  "    4".01.  • 

Anhydrous  substance. 

CMH,4Oe.    Calculated.    C  67.99,  H  8.44. 
Found.  "  68.02,  "  8.37. 

tHhydrostrophanthidin  Benzoate. — This  substance  was  prepared 
like  the  corresponding  strophanthidin  derivative.  Recrystallized 
from  85  per  cent  alcohol  it  forms  minute  glistening  prisms  which 
melt  with  effervescence  at  225-227°  and  are  soluble  in  chloroform 
and  axetic  acid  and  less  readily  so  in  alcohol  and  benzene. 

C,oH„07.    Calculated.    C  70.55,  H  7,50. 

Found,  (a).     "  70.70,  "  7.51. 

(b).     "  70.73,  "  7.29. 

I*<*8trophanthidin. — (Strophanthidinic  acid  lactone  of  Feist, 
^ocyriiarigenin  0{  Windaus  and  Hermanns.)  This  was  prepared 
in  afcxDut  50  per  cent  yield  by  a  method  which  was  essentially  that 
used  ly  Windaus  and  Hermanns  for  the  preparation  of  isocymari- 
genirx.  The  air-dry  material  contkins  water,  which,  contrary  to 
these  workers,  is  readily  removed  on  drying  the  substance  in  vacuo 
at  100°  over  phosphorus  pentoxide.  The  analytical  data  indicate 
that  the  air-dry  material  possesses  the  same  formula  as  stro- 
phanthidin, CzsBWVI  H20. 

[«]£=  +36.2°  (c  =  0.705  in  methyl  alcohol.) 

Axr-dry  substance. 

CitHMOe-JH,0.    Calculated.    H,0  2.18. 

Found.  "     1.78.       • 

Anhydrous  substance. 

CttHMOe.    Calculated.    C  68.27,  H  7.98. 

Found,  (a).     "  68.49,  "  8.04. 

(b).     "  68.75,  "  7.88. 

Jfostrophanihidin  Benzoate. — Isostrophanthidin  was  benzoylated 
as  in  previous  cases.  When  recrystallized  from  alcohol,  in  which 
it  is  very  sparingly  soluble,  the  benzoyl  derivative  forms  rosettes 
microscopic  leaflets  which  melt  with  preliminary  sintering  at 
a*>°ut  270°  when  rapidly  heated.  It  is  soluble  in  chloroform 
an<*  Acetone,  less  readily  in  acetic  acid. 

[a]"  =  +38.0°    (c  =  1.002  in  chloroform.) 

CioHmOt.    Calculated.    C  70.83,  H  7.14. 
Found.  "  70.98,  "  7.08. 
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INTRODUCTION. 

That  the  reaction  of  the  blood  is  alkaline  and  that,  as  a  result, 
a  considerable  quantity  of  acid  may  be  added  to  it  before  it  will 
show  an  acid  reaction  to  litmus  or  to  most  of  the  common  indi- 
cators has  been  known  for  a  long  time.  That  a  measure  of  such 
titratable  alkalinity  was  desirable  was  immediately  apparent  and 
several  attempts  were  made  to  devise  methods  for  this  purpose.1 
The  simplest  of  these  involved  only  the  addition  of  standard  acid 
to  the  diluted  blood  until  an  acid  reaction  to  the  indicator  test 
paper  was  obtained.  In  various  modifications  of  this  method, 
plasma  or  serum  was  used  instead  of  blood,  provision  was  made 
for  removal  of  carbon  dioxide  or  the  proteins  were  precipitated 
by  the  use  of  neutral  salts  or  of  alcohol.  These  protein  precipi- 
tates always  included  various  ions,  not  in  exact  equivalence,  the 
loss  of  which  from  the  solution  affected  the  value  of  the  titra- 
tion. When  the  proteins  were  not  removed,  their  buffer  action 
obscured  the  end-point. 

That  the  carbon  dioxide  content  of  the  blood  or  plasma  could 
be  used  as  a  measure  of  the  blood  alkali  was  soon  recognized  and 
several  attempts  were  made  to  devise  suitable  methods  for  this 
determination,  either  directly  in  the  blood  or  plasma  or,  indirectly 
by  determining  the  carbon  dioxide  content  of  the  alveolar  air 
which  is  in  equilibrium  with  arterial  or  venous  blood.  Since 
the  method  of  Van  Slyke  and  Cullen  for  the  determination  of  the 
carbon  dioxide-combining  power  of  the  plasma  was  published, 

1  For  references  to  the  older  literature  see  Van  Slyke  and  Cullen  (1). 
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its  simplicity  and  accuracy  have  brought  it  into  general  use  and 
it  has  not  only  practically  supplanted  all  other  methods  but  has 
made  possible  both  clinical  and  experimental  observations  for 
which  no  other  method  could  have  been  employed. 

Nevertheless,  the  method  is  not  free  from  objections.  To 
obtain  accurate  results,  the  blood  must  be  collected  without  stasis 
and  the  plasma  must  be  separated  without  loss  of  carbon  dioxide. 
Both  of  these  conditions  are  often  difficult  to  realize  and,  fre- 
quently, no  serious  attempt  is  made  to  do  so.  It  often  happens 
that  the  blood  is  almost  completely  reduced  when  collected  and 
is  then  received  and  centrifuged  without  precautions  to  prevent 
the  escape  of  carbon  dioxide.  The  errors  resulting  tend  to  neu- 
tralize each  other  but  the  exact  resultant,  in  any  given  case,  cannot 
be  definitely  known.  After  separation,  the  plasma  is  saturated 
with  the  operator's  alveolar  air  or  with  a  mixture  of  air  and  car- 
bon dioxide  containing  the  latter  at  40  mm.  tension.  If  the  al- 
veolar CO2  tension  of  the  subject  is  not  40  mm.,  or  the  same  as 
that  of  the  operator,  another  error  is  introduced  &s  was  pointed 
out  by  Joffe  and  Poulton  (2)'  and  by  Peters  and  Barr  (3). 

This  last  objection  is  obviated  by  the  use  of  Van  Slyke's  later 
methods  (4).  In  one  of  these,  the  bicarbonate  content  is  calculated 
from  the  total  CO2  content  and  the  pH  determined  by  Cullen's 
colorimetric  method  (5)  by  the  use  of  the  formula  BHCOj  =  (total 

jq  pH  -  pKi 

CO2)      pH__pK  which  is  derived  from  Hasselbalch's  equation 

BHCO 
pH   =  pK  +  log  — .     In  the  other  method,  after  addition  9 

of  an  excess  of  acid  to  the  plasma  and  removal  of  the  CO2,  the 
diluted,  acidified  plasma  is  titrated  back  to  the  reaction  of  another 
sample  of  plasma  that  has  only  been  diluted.  But  to  use  either  of 
these  methods  it  is  essential  that  the  blood  be  collected  absolutely 
without  stasis  and  that  the  plasma  be  separated  with  absolutely  no 
loss  of  CO2.  These  requisites  are  probably  not  realizable  under 
clinical  conditions. 

The  determination  of  the  CO2  capacity  of  the  blood  at  a  definite 
C02  tension,  as  employed  by  Henderson  and  Morriss  (6),  has 
not  come  into  general  use;  perhaps  because  the  procedure  is  not 
so  simple  as  that  for  a  similar  determination  in  the  plasma. 
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Principles  upon  Which  Proposed  Method  Is  Based. 

^He  cations  of  the  blood,  represented  by  B,  are  combined  with 

^ns  such  as  'CI,  'S04,  'H2P04,  proteins,  lipoids  (?),  and  'HC03. 

"K  a  suitable  acid  precipitant  (HA)  be  added,  the  proteins  are 

precipitated  and    combined  with  the  acid  precipitant,  the  lipoids 

axe  carried  down  with  this  precipitate  and  in  the  filtrate  are  found 

©CI,  BH2PO4,  BA,  and  excess  HA.     The  equations  may  be  written 

BHCOj  +  HA  =  BA  +  H2CO, 
B,HP04  +  HA  =  BH,PO<  +  BA 

COOB  COOH 

/  / 

Protein  +  2HA  =  Protein  +  BA 

\  \ 

NH,  NH,HA 

If  now,  the  excess  of  free  acid  (HA)  in  the  filtrate  be  determined 
by  titration  with  standard  alkali  and  a  suitable  indicator  and  then 
the  total  amount  of  precipitating  anion,  free  and  combined,  in 
the  same  filtrate  be  determined  by  a  suitable  method,  the  differ- 
ence will  represent  the  amount  of  (A)  in  the  filtrate  that  is  combined 
with  (B)  derived  from  the  blood.  By  a  suitable  choice  of  indi- 
cators, the  amount  of  buffers  (phosphoric  acid,  etc.)  in  the  filtrate 
may  be  estimated. 

Since  the  desired  value  is  the  difference  between  the  two  quan- 
tities actually  determined,  it  is  obvious  that  these  should  be  kept 
low  in  order  that  the  sum  of  the  errors  inherent  in  their  deter- 
mination should  not  be  too  large  a  fraction  of  the  difference. 

Of  all  the  protein  precipitants  tried,  only  picric  acid  appears 
to  fulfill  the  requirements.  Only  a  small  excess  is  required  and 
this  is  readily  titrated  with  0.01  n  NaOH  and  even  with  0.005 
N  NaOH  with  methyl  red  as  indicator,  or  with  the  former  to  neu- 
tral red,  phenol  red,  or  thymolphthalein.  The  total  of  free  and 
combined  picric  acid  can  be  determined  gravimetrically  as  ni- 
tron picrate  (7)  or  volumctrically  by  tritration  with  titanous 
chloride  (8,  9).  Attempts  at  a  colorimetric  method  depending 
upon  the  color  of  the  picric  acid,  of  its  reduction  products,  or  of 
isopurpuric  acid  were  all  unsuccessful.  Titration  with  night 
blue  (10)  was  also  unsatisfactory,  for  it  was  found  that  the  com- 
position of  the  night  blue  picrate  varied  with  the  conditions  of 
the  precipitation. 
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Towards  methyl  red,  picric  acid  behaves  strictly  as  a  mono- 
basic acid,  the  calculated  value  being  obtained  on  titration  with 
NaOH.  But  as  the  reaction  becomes  more  alkaline,  increasing 
amounts  of  alkali  are  bound  so  that  the  alkali  value  of  the  picric 
acid  must  be  determined  by  experiment.  It  varies  somewhat 
with  the  concentration  and  possibly  with  the  presence  of  other 
salts  so  that  the  final  results  with  indicators  having  a  color  change 
above  pH  6.0  are  not  quite  so  accurate  as  those  obtained  with 
methyl  red. 

Usefulness  of  the  Different  Indicators. 

The  different  indicators  may  be  used  to  serve  different  purposes. 
Methyl  red  gives  the  most  closely  agreeing  duplicate  determina- 
tions and  can  be  used  with  as  little  as  the  equivalent  of  0.3  cc. 
of  blood.  However,  the  end-point,  pH  6.0,  is  outside  the  physi- 
ological range.  As  nearly  as  can  be  determined  with  the  aid  of 
phosphate  solutions  and  of  sodium  picrate,  the  end-point  shown 
by  phenol  red  is  very  nearly  pH  7.4,  the  reaction  of  normal  blood. 
The  phosphoric  acid  and  other  buffers  are  then  most  nearly  in 
the  condition  in  which  they  exist  in  the  blood.  The  blue  color 
of  brom-thymol  blue  also  appears  at  about  pH  7.4  but  the  change 
is  no  sharper  than  that  with  phenol  red  and  it  cannot  be  followed 
by  the  use  of  thymolphthalein  in  the  same  sample.  Neutral 
red  was  used  early  in  the  work  but  was  discarded  as  offering  no 
advantages  over  phenol  red. 

The  value  obtained  with  the  use  of  thymolphthalein  changes 
more  rapidly  as  acid  is  injected,  in  vivo,  than  does  that  obtained 
with  either  of  the  other  indicators  and,  therefore,  may  prove  to 
be  of  greater  clinical  value  as  an  indicator  of  acidosis,  although 
the  end-point  is  outside  the  physiological  range. 

Directions. 

(a).  Gravimetric  Method,  Using  Nitron. 

If  available,  5  cc.  of  the  oxalated  blood  are  measured  into  a 
50  cc.  volumetric  flask  and  are  diluted  with  about  10  cc.  of 
water.  About  30  cc.  of  1  per  cent  picric  acid  solution  are  then 
added,  with  shaking,  and  the  mixture  is  diluted  with  water  to 
the  mark.    The  mixture  may  be  filtered  in  30  minutes,  or,   if 
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shaken  frequently,  in  10  minutes  or  less.    30  cc.  of  the  filtrate 
are  heated  to  boiling  in  a  150  cc.  Erlenmeyer  flask,  cooled  in  water, 
and  then  titrated  with  0.01  N  NaOH,  using  4  drops  of  0.01  per 
cent   methyl  red  as  indicator.    After  the  end-point  has   been 
reached,  4  drops  of  0.01  per  cent  phenol  red  are  added  and  a 
second  titration  is  made  to  the  appearance  of  a  definite  orange 
color.      Finally,  8  drops  of  1  per  cent  thymolphthalein  may  be 
added  and  a  third  titration  obtained.     Daylight  or  light  from  a 
"Daylite  lamp"  should  be  used.     The  liquid  is  then  strongly 
acidified  with  acetic  acid,  heated  to  boiling,  and  the  picric  acid 
is  precipitated  by  the  addition,  from  a  dropping  tube,  of  a  1  per 
cent  solution  of  nitron  in  10  per  cent  acetic  acid.     The  precipitate 
is  filtered  out  on  a  tared  Gooch  crucible,  is  washed  with  water, 
and  is  then  dried  at  110®  for  1  hour,  cooled,  and  weighed.     If 
thymolphthalein  has  been  employed,  a  correction  of  0.1  mg.  for 
each  drop  of  1  per  cent  solution  used  is  subtracted  to  allow  for 
the  amount  of  thymolphthalein  carried  down  with  the  precipi- 
tate.   The  molecular  weight  of  the  nitron  picrate  is  541.     Theo- 
retically, if  each  molecule  of  picric  acid  is  neutralized  by  1  molecule 
of  NaOH   1  mg.  of  nitron  picrate  =0.1848  cc.  of  0.01  n  NaOH. 
This  is  the  value  actually  obtained  by  experiment  with  methyl  red. 
As  has  already  been  explained,  other  factors  must  be  used  with 
other  indicators.     These  factors  are  best  obtained  by  titrating 
5  cc.  portions  of  1  per  cent  picric  acid  with  0.01  n  NaOH,  using 
*R  three  indicators  in  turn,  then  precipitating  with  nitron,  weigh- 
ts the  nitron  picrate,  and  calculating  its  value  in  terms  of  0.01 
*NaOH.    The  values  found  in  the  course  of  this  work  were  1 
**  of  nitron  picrate  =0.1890  cc.  of  0.01  n  NaOH  to  phenol  red 
^d  0.1958  cc.  to  thymolphthalein. 

ft'om  the  alkali  equivalent  of  the  nitron  picrate,  there  is  de- 
leted the  amount  of  alkali  required  to  neutralize,  to  the  corre- 
8Ponding  indicator,  the  free  acid  in  the  sample.  The  difference 
^Presents  the  amount  of  alkali  previously  combined  with  protein 
pr  with  carbonic  acid  in  the  blood.  The  results  are  then  calculated 
m  terms  of  cc.  of  0.1  n  NaOH  per  100  cc.  of  blood  by  dividing  by 
3  and  multiplying  by  10.  The  error  is  within  ±  1  per  cent  with 
methyl  red  and  is  less  than  ±  2  per  cent  with  the  other  indicators. 

K    so  much  as  5  cc.  of  blood  is  not  available,   satisfactory 
^^terminations  may  be  obtained  with  1.6  cc.  of  blood.    This  is 


268  Titratable  Alkali  of  the  Blood 

measured  into  a  16  cc.  volumetric  flask  with  pointed  bottoi 
made  so  that  it  will  fit  into  a  metal  centrifuge  tube  holder,  whe 
it  is  diluted  with  water  and  precipitated  with  from  9  to  10  cc. 
1  per  cent  picric  acid.  After  shaking  and  standing,  the  flask 
centrifuged  and  the  supernatant  liquid  is  filtered  through  a  smi 
paper.  10  cc.  of  the  filtrate  are  taken  for  a  determination,  whi< 
is  carried  out  as  already  described  except  that  a  smaller  flask  ai 
smaller  amounts  of  indicators  are  used.  The  error  is  less  thi 
±  2  per  cent  with  methyl  red  and  less  than  ±  3  per  cent  with  tl 
other  indicators. 

(6).  Volumetric  Method,  Using  Titanous  Chloride  (8,  9). 

If  a  volumetric  method  for  the  determination  of  the  picric  ac 
is  desired,  or  if  only  a  very  small  amount  of  blood  is  availabl 
titration  with  titanous  chloride  may  be  used.  The  determin 
tion  is  then  carried  out  in  less  time  than  with  nitron,  for  the  houi 
drying  at  110°  and  the  subsequent  cooling  are  avoided  but 
requires  more  care  in  the  preparation  of  the  reagents  and  in  tl 
determination. 

From  0.3  to  0.5  cc.  of  blood  in  a  0.5  cc.  Mohr  pipette  graduate 
to  the  tip  at  intervals  of  0.01  cc.  and  capable  of  being  read 
0.005  cc.  are  measured  into  a  5  cc.  centrifuge  tube,  graduated 
0.05  cc,  and  containing  a  few  drops  of  water.     The  pipette 
rinsed  with  this  water  and  then  with  a  little  fresh  water.     Pier 
acid  solution  is  then  added  to  make  the  final  volume  ten  tim 
that  of  the  blood  taken,  the  tube  is  covered  with  a  small  rubb 
cap,  shaken,  allowed  to  stand,  and  then  centrifuged.    As  much 
the  supernatant  liquid  as  can  be  obtained  is  pipetted  off  wii 
a  3  cc.  Mohr  pipette,  graduated  to  the  tip  in  0.025  cc.  and  d 
livered  into  a  conical  flask,  14  cm.  high,  30  mm.  in  diameter  : 
the  bottom  and  with  a  neck  18  mm.  in  diameter,  in  which  the  fr» 
acid  is  titrated,  using  only  methyl  red  (1  drop)  with  0.005  n  NaO 
from  a  2  cc.  burette,  graduated  in  0.01  cc.     (A  few  trials  wi1 
other  indicators  were  not  very  satisfactory,  others  may  be  mo 
successful  in  observing  the  color  changes.)     Add  20  drops  co 
centrated  H2SO4  and  insert  a  rubber  stopper  carrying  an  inl 
tube  which  reaches  nearly  to  the  bottom  of  the  flask,  an  exit  tut 
and  a  glass  plug.    While  passing  a  stream  of  carbon  dioxide  fro 
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a  generator  or  from  a  tank,  heat  to  boiling,  remove  the  glass  plug 
and  through  this  opening  run  in  from  a  10  cc.  burette  10  cc.  of 
approximately  0.05  N  titanous  chloride  solution.    Replace  the 
plug  and  continue  the  boiling  for  5  minutes.     The  solution  should 
retain  a  pink  color,  indicating  the  presence  of  an  excess  of  titan- 
ous chloride.     The  flask  is  then  cooled  in  water,  the  plug  is 
removed,  and  the  excess  of  titanous  chloride  is  titrated  with  an 
approximately  0.05  n  solution  of  ferric  ammonium  sulfate.     When 
the  titration  is  nearly  completed,  one-fifteenth  volume  of  10  per 
cent  NH4CNS  is  added  and  the  titration  continued  to  the  appear- 
ance of  a  red  color.    The  stream  of  carbon  dioxide  is  not  inter- 
rupted until  the  titration  has  been  completed.    The  excess  of 
titanous  chloride  should  require  at  least  2  cc.  of  ferric  ammonium 
sulfate  solution.    All  three  solutions  are  kept  free  from  air  in  bot- 
tles of  the  design  shown  in  Fig.  1.    The  ferric  ammonium  sulfate 
solution  keeps  well  and  need  be  standardized  against  picric  acid 
°&ly  once.     The  titanous  chloride  deteriorates  slowly  and  should 
ta  checked  daily  against  the  ferric  ammonium  sulfate.    Each 
nullimol  of  picric  acid  requires  18  millimols  of  titanous  chloride. 
}  cc.  of  the  0.05  N  titanous  chloride  (or  ferric  ammonium  sulfate) 
,st  therefore,  equivalent  to  5^  millimol  of  picric  acid  or  to  yts 
Cc-  of  0.005  n  alkali.     The  amount  of  alkali  required  to  titrate 
the  free  ftcid  is  subtracted  from  the  alkali  equivalent  of  the  titanous 
chloride  used  and  the  difference  is  multiplied  by  the  appropriate 
factor  to  obtain  the  result  in  terms  of  cc.  of  0.1  n  alkali  per 
100  cc.  of  blood.    The  results  may  vary  from  a  control  by  the 
**itron  method,  in  which  30  cc.  of  filtrate  or  the  equivalent  of  3  cc. 
°f  blood  are  used,  by  as  much  as  4  per  cent  (very  seldom  more) 
though  they  are  generally  somewhat  closer. 

Titration  with  titanous  chloride  may  also  be  employed  with 
'^ger  quantities  of  picric  acid  filtrate  and  three  indicators,  but  the 
^ults,  while  more  accurate  than  in  the  micro  method,  are  not 
quite  so  satisfactory  as  are  those  obtained  with  the  use  of  precipi- 
tation with  nitron. 

The  micro  method  was  developed  with  the  intention  of  applying 
it  to  such  quantities  of  blood  as  might  readily  be  obtained  by 
pricking  a  finger.    It  was  found,  however,  that  considerable  pres- 
sure was  necessary  in  order  to  obtain  0.3  to  0.5  cc.  of  blood.    The 
results  obtained  with  samples  taken  from  different  fingers  differed 
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considerably  and  were  almost  all  greater  than  those  obtained  by 
the  nitron  method  on  a  sample  of  blood  taken  from  a  vein  im- 
mediately thereafter.  Apparently,  pressure  mixed  sufficient  tissue 
juice  of  a  high  titratable  alkalinity  (to  methyl  red)  with  the  blood 
to  invalidate  the  results. 

Moreover,  each  of  the  three  subjects  used  for  this  experiment 
(Table  X)  gave  it  as  his  opinion  that  the  puncture  of  the  vein 
involved  less  inconvenience  than  the  collection  of  0.5,  or  even 
0.3  cc.  of  blood  from  a  finger.  It  certainly  is  easier  for  the  opera- 
tor. It  is,  therefore,  recommended  that  at  least  1.6  cc.  of  blood  be 
made  available  and  that  the  micro  method  be  used  only  whenever, 
as  in  experiments  upon  small  animals,  not  even  so  much  as  1.6 
cc.  of  blood  are  available. 

There  is  a  source  of  error  that  is,  apparently,  insignificant  with 
normal  blood  but  which  may  be  of  importance  with  some  patholo- 
gical bloods.  Titanous  chloride  is  a  very  powerful  reducing 
substance,  even  reducing,  under  the  conditions  of  the  determina- 
tions,  a  little  of  the  oxalate  used  as  an  anticoagulant.2  It  is 
possible  that  some  bloods  should  contain  some  reducible  substance 
(glucose  is  apparently  not  affected2)  the  presence  of  which  would 
make  the  values  for  the  titratable  alkali  too  great. 

DISCUSSION. 

The  results  summarized  in  Tables  I  to  IV,  inclusive,  show  that 
the  values  obtained  by  this  method  are  not  affected  by  variations 
in  the  amount  of  picric  acid  used  for  the  precipitation  of  the  pro- 
teins, by  extreme  variations  in  the  carbon  dioxide  content  of 
the  blood,  by  the  presence  of  a  fair  excess  of  oxalate  nor,  to  any 
considerable  extent,  by  standing.  That  sulfuric  and  lactic  acids 
and  sodium  bicarbonate,  added  in  vitro  are  quantitatively  re- 
covered is  shown  by  the  figures  in  Table  V. 

The  experiments  with  intravenous  injections  of  acid  show  a 
very  prompt  diminution  in  the  titratable  alkali  as  acid  is  injected. 
Since  this  is,  at  first,  almost  entirely  at  the  expense  of  the  bicar- 
bonate of  the  blood,  it  is  not  surprising  to  find  that  the  values  for 
the  CO2  content  and  CCVcombining  power  of  the  plasma  fall 
more  rapidly,  at  first,  than  do  those  for  the  titratable  alkali. 

1  Unpublished  observations. 
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But  as  the  bicarbonate  reserve  is  exhausted  and  as  the  condition 
of  the  animal  becomes  more  critical,  the  diminution  in  the  ti- 
trat&ble  alkali  becomes  more  pronounced  so  that  when  the  CO* 
content  and  CC>2-combining  power  have  fallen  to  about  one- 
half  their  normal  values,  the  titration  to  methyl  red  has  diminished 
almost  as  much  and  that  to  thymolphthalein  even  more. 

The  figures  in  Table  VIII  indicate  that  a  similar  relation  exists 
in    liuman  blood.     Thus,   the  seven  normal  bloods,  having  an 


TABLE  I. 


Bjr* 


t  of  Varying  Concentrations  of  Picric  Acid  on  the  Determination  of  the 

Titratable  Alkali  of  Sheep  Blood. 

0.1  n  alkali  per  100  cc.  of  blood. 


K  *>«rcent 
I>»*5  «nc  acid. 

Methyl  red. 
pH  -  6.0 

Neutral  red. 
pH  -  7.0 

Phenol  red. 
pH  -  7.4 

Cresol  red. 
pH  -  7.8 

Thymolphtha- 
lein. 
pH  -  9.0 

wi. 

cc. 

cc. 

cc. 

cc. 

cc. 

5 

49.6 

49.5 

46.5 

44.4 

40.0 

6 

49.4 

49.7 

46.0 

44.4 

41.3 

8 

50.7 

50.6 

45.9 

44.2 

41.9 

6 

45.9 

45.2 

43.1 

43.6 

37.3 

7 

45.8 

44.9 

43.2 

43.2 

37.7 

6 

46.3 

46.0 

39.6 

8 

46.0 

45.7 

37.4 

Tliree  different  samples  of  oxalated  sheep  blood  were  treated  with  the 

nl***aber  of  volumes  of  1  per  cent  picric  acid  shown  in  the  first  column  and 

"*^  mixtures  were  then  diluted  with  water  to  ten  times  the  volume  of  blood 

^^c^n.    30  cc.  of  the  filtrate,  equivalent  to  3  cc.  of  blood,  were  titrated  in 

8l*Oce88ion  with  0.01  n  NaOH,  using  the  indicators  in  the  order  given. 

(F***enol  and  cresol  red  require  two  different  samples,  otherwise  the  entire 

scales  can  be  run  on  one  sample.)     The  liquids  were   then   treated  with 

ac«tic  acid  and  nitron  and  the  nitron  picrate  was  filtered  out  and  weighed. 

It   is  evident  that  varying  the  amounts  of  picric  acid  used  does  not  affect 

tHe  result.    When  8  volumes  of  picric  acid  are  used,  the  excess  in  the 

fiVtrate  is  large  and  even  slight  errors  in  the  titration  or  in  the  weighing 

of    the  nitron  picrate  introduce  relatively  large  errors  into  the  desired 

quantity,  the  difference.    Therefore,  it  is  advisable  not  to  use  more  than 

6  or  6.5  volumes  of  picric  acid  and  with  bloods  that  are  known  to  be  poor  in 

Protein  (cells)  to  use  only  5  volumes  or  even  less.    The  buffer  property  of 

picric  acid  (p.  272)  is  probably  responsible  for  the  greater  deviations  ob- 

fle|veci  as  the  pH  of  the  indicator  change  rises  above  6.0. 
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TABLE  II. 

Titratable  Alkali  of  Aerated  Blood  and  of  the  Same  Blood  Saturated  with  CGJ 

0.1  n  alkali  per  100  cc.  of  blood. 


Blood. 


Aerated 

Saturated  COj 

Aerated 

Saturated  COi 

Aerated 

Saturated  CO, 


Methyl  red. 

Neutral 
red. 

Phenol  red. 

Crcsol  red. 

cc. 

cc. 

cc.  • 

cc. 

49.5 

49.7 

45.8 

44.0 

48.7 

48.5 

45.5 

44.0 

40.7 

40.9 

40.1 

39.9 

Thymol- 
pht 


ivmol- 
halein.     -~ 


cc. 

40.4 
40.1 


The  oxalated  sheep  blood  was  divided  into  two  parts.  One  was  aerated 
by  shaking  small  quantities  with  air  in  large  flasks,  the  other  was  saturated 
with  CO,  by  passing  the  gas  from  a  tank  through  water  and  then  through 
the  blood.  Samples  of  each  were  then  taken  and  analyzed  in  the  usual 
manner. 


TABLE  III. 

Effect  of  Oxalate  on  Titratable  Alkali. 
0.1  n  alkali  per  100  cc.  of  blood. 


Blood. 

Methyl 
red. 

Phenol 
red. 

Thymol- 
phthalein. 

Defibrinated  sheep  blood 

cc. 

45.8 
46.4 

46.2 
47.0 
47.3 

cc. 

43.1 
43.6 

45.2 

44.7 
44.6 

cc. 

37.5 

"                 "         "     +0.4  per  cent  Na,C,04. 

it                             u                « 

38.3 
39.6 

"                "         "     +0.4  per  cent  K,C,04 .  . 

"     +1.0    "       "    Na,C,04.. 

38.8 

Only  0.1  per  cent  oxalate  is  needed  to  prevent  coagulation.  Quantities 
four  times,  and  even  ten  times,  so  great  exert  only  a  slight  influence  on  the 
titration.  However,  a  large  excess  should  be  avoided  for  it  increases  the 
amount  of  picric  acid  required  for  complete  precipitation  of  the  proteins 
and  that  is  undesirable  (p.  277)  and,  in  the  volumetric  method,  some  of  the 
oxalate  is  reduced  by  the  titanous  chloride,  which  makes  the  final  results 
too  high. 


I.  Greenwald  and  G.  Lewman 


273 


average  plasma  COy-combining  power  of  61  volumes  per  cent  had 
an  average  titratable  alkali  content  equivalent  to  44.8  cc.  of  0.1  n 
alkali  per  100  cc.  of  blood  to  methyl  red,  37.9  cc.  (only  6)  to  phenol 
red  and  32.3  cc.  (only  4)  to  thymolphthalein.  With  the  exception 
of  the  one  from  a  severe  case  of  nephritis,  the  samples  of  blood  the 
plasma  of  which  had  a  CCVcombining  power  of  from  15  to  25 
volumes  per  cent  had  a  titratable  alkali  content  of  about  20  cc.  to 

table  rv. 
Effect  of  Standing  on  the  Titratable  Alkali  of  the  Blood. 
0.1  n  alkali  per  100  cc.  of  blood. 


Blood. 

Temperature. 

Time. 

Methyl  red. 

Phenol  red. 

tnin. 

cc. 

cc. 

Human. 

Room. 

10 

44.3 

38.6 

40 

44.2 

38.8 

70 

44.7 

39.2 

100 

43.2 

38.2 

160 

43.0 

38.2 

220 

43.6 

38.9 

hra. 

Human. 

it 

1 

45.3 

43.8 

Ice  box. 

17 

43.2 

40.1 

ti      tt 

41 

42.5 

39.5 

n      tt 

65 

41.5 

38.5 

ti      tt 

89 

40.4 

36.0 

Sheep. 

30°C. 

1 

49.6 

46.1 

Room. 

4 

49.4 

46.5 

+Ice  box. 

20 

49.5 

45.8 

I1*  these  samples,  the  rate  of  acid  production  was  very  low.  In  the 
bum^fcj  birod^  this  may  have  been  due  to  the  fact  that  they  were  nearly 
coml>letely  deoxygenated.  Other  samples  might  have  shown  a  greater 
pro<i\iction  0f  acid  (11,12). 

methyl  re(j,  15  cc.  to  phenol  red,  and  3  cc.  to  thymolphthalein.  In 
other  words,  a  reduction  to  0.33  or  0.25  of  the  normal  value  of 
CO*-combining  power  of  the  plasma  was  accompanied  by  a  lower- 
m8  of  the  titratable  alkali  of  the  blood  to  about  0.5  with  methyl 
red,  to  0.4  with  phenol  red,  and  to  as  little  as  0.1  of  the  normal 
TOth  thymolphthalein.  The  titration  to  thymolphthalein  may, 
therefore,  be  the  most  valuable,  clinically  in  spite  of  the  slightly 
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greater  error  inherent  in  its  determination.  The  one  exception 
to  this  marked  lowering  of  the  titration  to  thymolphthalein  was 
observed  in  a  sample  of  blood  from  a  patient  with  advanced 
nephritis,  taken  shortly  before  death.  The  non-protein  nitrogen 
was  263  mg.  per  100  cc.  and  the  cell  volume  was  only  IS  per  cent. 


*  Titratable  Alkali  of  Blood  of  Acid  and  Alkali  Added  i: 
0.1  n  alkali  per  100  cc.  of  blood. 


Human  (3  days  old)  +  2  cc.  0.8  per  cent  NaCl .... 

"       (3  "  "]+2    "  1.04  n  H,SO, 

"       (3  "  "   )  +  2    "  1.10  n  lactic  acid 

"       (4  "  "   ) 

"       (4  "  "  )  +  0.5  cc.  0.99  tt  H.SO, 

"       (4  "  '■   )  +  1.5  "   0.99  n-  H,SO, 

"       (5  "  "  ) 

"       (5  '*  "   )  +  0.5  cc.  n  NaHCO, 

"       (5  "  "   )  +  1.5  "    »  NaHCO, 

Sheep  (fresh) 

"  +  0.5  cc.  1 .2  n  lactic  acid 45.2 

"  +  1.0   -  1.2  n       "       "    37.6 

"  +  1.5   "  1.2  n       "        "    31.8 


The  indicated  quantities  of  acid  or  alkali  were  added  to  100  cc.  portions 
of  blood,  samples  of  which  were  then  precipitated  with  picric  acid.  The 
results  show  complete  recovery  of  acid  and  alkali  added. 

Both  high  nitrogen  and  low  cell  volume  may  have  had  something 
to  do  with  the  result. 

That  there  should  be  a  close  parallelism  between  the  variations 
in  the  C(Vcombining  power  of  the  plasma,  as  determined,  and  the 
change  in  titratable  alkali  of  the  blood  was  scarcely  to  be  expected 
in  view  of  the  differences  in  cell  content  and  in  percentage  satura- 
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TABLE  VI. 

Effect  of  Intravenous  Injections  of  Acid  on  the  Titratable  Alkali  of  the  Arterial 
Blovd  and  Plasma  of  the  Dog. 


Plumn 

.Iltl 

Titi» 
kali  per  MX 

able 

Mood  or  ploamH. 

I 

I 

Methyl 
red. 

Neutral 

Phenol 
red. 

Thymol- 
pbthnleio. 

I 

J 

l 

§ 
1 

35.8 
22.7 

37.2 
32.1 

28.6 

l 

36.2 
21.5 

36.0 
32.2 
31.5 

III  ! 

36.5 
35.5 
34.0 
30.5 

28.9 

35. 6 
29.3 
26.4 
19.0 

10  6 
8.2 

1 

34.5 
22.7 

87 .2 

30.6 

36.0 
31.0 
28.3 

JO.  7 

14.7 
12.7 

I 

26.6 
13.fi 

20.7 
24.3 
21.9 

27.0 
22.2 
17.7 
12.2 
2.25 
-1.65 

i 

Normal 

M  HC1 

Normal 

49.0 

25.0 

49.0 
42.5 
38.1 

V! .  1 

46.8 
42.4 

S7  <• 
32.8 
30.6 

45.4 
39.3 
33.3 

_>3.ii 
M.i. 
11.4 

46.7 
23.8 

47.0 
40.3 
«.3 

4S.0 

42.1 

34.4 
31.7 
29.2 

44.2 
37.8 
31.7 
21.9 
12.9 
10.1 

42.0 
27.5 

tt.O 

36.5 
M.O 

16.0 
42.3 
40.1 
17.! 
35.2 
33.2 

39  9 
35.6 
31.7 
25.5 
16.8 
13.4 

37.2 
24.8 

39.0 
34.4 
30.5 

37.2 
33.0 
30.3 
23.8 

IS  i 

16.1 

38.3 
24.6 

34.6 
32.5 
30  8 

30.4 
IS  .2 

32.8 

26.1 

0 .  55  n  lactic  acid 

0  55  "      "       "    

0.55 '    

0.55 '    

0  55  "       "        "    

23.9 
20  2 
13.2 
5  6 
+1.7 

The  femoral  artery  of  one  teg  and  the  femoral  vein  of  the  other  were 
exposed  under  cocaine  anesthesia.  After  taking  samples  of  the  arterial 
blood  (under  paraffin  for  examination  of  the  plasma),  the  acid  was  slowly 
injected  into  the  vein.  3  minutes  after  the  injection  had  been  interrupted, 
from  20  to  40  cc.  of  blood  were  run  out  of  the  artery  to  clear  it  and  new 
samples  were  collected.  The  COi  determinations  were  made  by  the  methods 
of  Van  Slyke  and  Culten  (1,4,5).  In  the  first  three  experiments,  the  plasma 
was  equilibrated  with  the  operator's  alveolar  air  for  the  determination  of 
the  combined  COt,  in  the  last  this  was  calculated  from  the  total  CO,  and 
the  pll.  This  was,  in  the  successive  samples,  7.65,  7.50,  7.39,  7.15,  63 
(approximately),  6.8  (approximately).  The  last  two  samples  contained  so 
much  hemoglobin  that  comparison  was  difficult  and  probably  inaccurate. 
The  observed  values  were  6.8  and  6.8,  but  7.0  has  been  used  in  the  calculations. 
A  correction  of  0.18  has  been  used  (13)  to  change  the  values  at  20"  to  those 
at  38". 
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greater  error  inherent  in  its  determination.  The  one  exception 
to  this  marked  lowering  of  the  titration  to  thymolphthalein  was 
observed  in  a  Bample  of  blood  from  a  patient  with  advanced 
nephritis,  taken  shortly  before  death.  The  non-protein  nitrogen 
was  263  mg.  per  100  cc.  and  the  cell  volume  was  only  18  per  cent. 

table  v. 

Effect  on  Titratable  Alkali  of  Blood  of  Acid  and  Alkali  Added  in  Vitro. 

0.1  n  alkali  per  100  re.  of  blood. 


Human  (3  days  old)  +  2  cc.  0.8  per  ceDt  NaCl . 

"       (3  "       "  )  +  2    "  1.04  nH»SO, 

"       (3  "       "   )  +  2    "  1.10  N  luetic  acid. . 


)  +  0.5  «.  0.99  n  HsSOt... 
)  +  1.5  "   0.9!)  K  H.SO...   . 


.  1.2  n  lactic  acid  .  . 


The  indicated  quantities  of  acid  or  alkali  were  added  to  100  cc.  portions 
of  blood,  samples  of  which  were  then  precipitated  with  picric  acid.  The 
results  show  complete  recovery  of  acid  and  alkali  added. 

Both  high  nitrogen  and  low  cell  volume  may  have  had  something 
to  do  with  the  result. 

That  there  should  be  a  close  parallelism  between  the  variations 
in  the  COj-combining  power  of  the  plasma,  as  determined,  and  the 
change  in  titratable  alkali  of  the  blood  was  scarcely  to  be  expected 
in  view  of  the  differences  in  cell  content  and  in  percentage  satura- 
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TABLE  VI. 

Effect  of  Intravenous  Injections  of  Acid  on  the  Titratoble  Alkali  of  the  Arterial 

Blood  and  Plaema  of  the  Dog. 


Koran  bI 


Nortr*  si 

"lactic  acid.. 


Normal 

052    NHC| 

0.52    **      '• 

052    «•      » 

0  52    ••      "  ........ 

0.52    •*      " 

SuiJui 

0.55  j«  lactic  acid. . 
055    •'      •> 


Tilmtnbltnlkidi. 


13  4 


i     i 
3    J 


i  i 


rhymnl- 

1,(1.  :.!,,„. 


1*lk«  femoral  artery  of  one  leg  and  the  femoral  vein  of  the  other  were 
exposed  under  cocaine  anesthesia.  After  taking  samples  of  the  arterial 
blood  (under  paraffin  for  examination  of  the  plasma),  the  acid  was  slowly 
injected  into  the  vein.  3  minutes  after  the  injection  had  been  interrupted, 
from  20  to  40  cc.  of  blood  were  run  out  of  the  artery  to  clear  it  and  new 
■amp leg  were  collected.  The  COi  determi nations  were  made  by  the  methods 
™  *  an  Slyke  and  Cull  en  (1,4,5).  In  the  first  three  experiments,  the  plasma 
wa»  equilibrated  with  the  operator's  alveolar  air  for  the  determination  of 
the  combined  CO,,  in  the  last  this  was  calculated  from  the  total  CO,  and 
toe  pH.  This  was,  in  the  successive  samples,  7.65,  7.50,  7.3S,  7.15,  6.8 
(approximately),  6.8  (approximately).  The  last  two  samples  contained  so 
much  hemoglobin  that  comparison  was  difficult  and  probably  inaccurate. 
The  observed  values  were  6.8  and  6.8,  but  7.0  has  been  used  in  the  calculations. 
A  correction  of  0.18  has  been  used  (13)  to  change  the  values  at  20*  to  those 
«t  38*. 
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tion  with  oxygen  and  carbon  dioxide  of  the  blood  at  the  time  the  , 
plasma  was  separated.  But  that  there  is  no  closer  parallelism 
between  any  one  of  the  three  series  of  values  for  the  titratable 
alkali  of  the  plasmas  and  the  values  for  the  C02-combining  power 
of  the  same  plasmas  is  a  matter  that  is  not  so  readily  explained. 
Differences  in  protein  content  may  account  for  some  of  these 
deviations  but  there  must  be  other  factors,  the  nature  of  which  is 
not  immediately  apparent. 

TABLE  VII. 

Effect  of  Intravenous  Injections  of  Sodium  Carbonate  upon  Titratable  Alkali 

of  the  Arterial  Blood  of  Dogs. 


Plasma 
pH. 

Plasma  COs. 

0.1  n  alkali  per  100  oe. 
of  blood. 

Total. 

BHCO. 

* 

Methyl 
red. 

Phenol 
red. 

Thymol- 
phthaleiD. 

Normal 

7.49 

7.61 

7.39 
7.58 

7.56 
7.68 

per  cent 

58.8 
97.0 

65.6 
104.3 

62.4 
113.0 

per  cent 

54.8 
90.6 

61.1 
97.5 

58.2 
105.6 

cc. 

41.9 
57.0 

39.2 
59.1 

47.3 
61.3 

cc. 

37.7 
51.3 

33.9 
55.6 

41.7 
56.7 

cc. 

Injected  5.4  per  cent  NatCO* . 
Normal 

28.4 

Injected  5.4  per  cent  NajCO* . 
• 
Normal 

45.9 
35.8 

Injected  5.4  per  cent  NaaCOi . 

51.2 

The  experiments  were  conducted  in  the  same  manner  as  those  with  acid 
(see  note  to  Table  VI) .  The  pH  was  determined  by  Cullen's  method,  using 
the  correction  0.18  to  change  the  values  at  20°  to  those  at  38°.  The  total 
COs  was  determined  by  Van  Slyke's  method  and  the  combined  COs  was 
calculated.  A  report  on  the  effect  of  the  continuance  of  the  injections  of 
the  alkali  will  be  found  in  the  following  paper. 

In  dog  blood  drawn  from  the  artery  and  centrifuged  under 
paraffin  and  in  sheep  blood  obtained  at  the  slaughter  house  in 
well  filled  bottles  and  centrifuged  under  paraffin,  methyl  red  gave 
higher  values  for  whole  blood  than  for  plasma,  phenol  red  gave 
approximately  the  same  for  both,  while  thymolphthalein  gave 
lower  values  for  whole  blood  than  for  plasma.  A  mixture  of 
phosphates  at  the  reaction  of  the  blood  is  alkaline  to  methyl  red 
and  acid  to  thymolphthalein.  The  difference  in  reaction  of. the 
end-points  of  these  indicators  is  almost  exactly  that  represented 
by  the  second  H+  of  phosphoric  acid.     The  difference  in  the  ti- 
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TABLE  Vm-Conduded. 


O 

6 

0 
I 
1 

*£*'* 

pir' 

Thymol- 

Ducnuia. 

1 

a 

1 

| 

1 

( 

1 

Human  blood— Concluded. 


Chronic  appendicitis.  . 

Diabetes 

Cardiac  insufficiency.. 
Diabetes 


Chronic  osteomyelitis,  diabetes 
Chronic  bronchitis,  emphysema 


BO  II. 1 

70   43 


4(i.0 
37.0 

42. 8 
42.0 


1 

m 

49.fi 

48.1 

41.0 

4.1.4 

to. 3 

42.0  (T) 

2 

59 

48.1 

4A.3 

44.2 

42  C 

39.0 

36.8  (?) 

3 

63 

49.1 

48.9 

44.8 

44.4 

35.0 

38.2 

Effect  of  the  Addition  of  1  Mg.  of  the  Substances  Indicated  on  the  Titration  of 

5  Cc.  of  an  ApproTimately  !  Per  Cent  Picric  Acid  Solution  with 

0.01  n  KaOH. 


riiymol- 
tithileiii. 


Picric  acid 

"  "  +  1  mg.  alanine. . . 
"  "  +1  "  glycine... 
"  "  +  1  "  creatine. . 
"       "     +  1    "    creatinine 


22.20 
22.30 
22.45 


the  plasma  gave  higher  values  for  titratable  alkali  with  all  three 
indicators.  The  animal  blood  was  drawn  from  an  artery,  the 
human  blood  from  a  vein.  As  arterial  blood  becomes  venous  in 
character,  CI  (and  possibly  other  anions)  pass  from  the  plasma 
into  the  cells  and  it  is,  therefore,  not  surprising  that  plasma  ob- 
tained from  venous  blood  should  contain  more  titratable  alkali 
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Comparison  of  Titratable  Alkali 

/  Blood  and  Plasma  wt 
of  the  Plasma. 

(A  CO.-ComfrintHfl 

? 

1 

4 
J 

Methyl 

Phenol 
red. 

Set 

Disfnosia. 

1 

| 

i 

| 

1 

3 

i 

Diabetes 

Nephritis,  N.P.N.  263 

Diabetes 

Typhoid  fever 

Card  ion  ephritis 

Diabetes 

Normal 

Tuberculosis  of  kidney 

Normal 

Diabetes 

Asthma 

Normal 

litorine  fibroids      

Exophthalmic  goiter 

Typhoid,  pyelonephrosis 

Chronic  osteomyelitis,  diabetes 
Normal 

Pyelonephrosis  (2  days  after 
operation) 

Gastric  neurosis 

Normal 

Diabetes 

Auricular  fibrillation 

Unknown 

Neurosis 

1  week  after  hysterectomy 
and  appendectomy 


i.  ft  24.0 
10.8 
23.7 


43. 4  51.fi  38. 9  47.8  33.4 


40.2 
36.4 


39.4 
37.4 
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than  that  obtained  from  arterial  blood.  The  figures  in  Tables 
VI  and  VIII  indicate  a  transfer  of  the  equivalent  of  2  or  3  cc. 
of  0.1  n  acid  from  plasma  to  corpuscles  as  the  blood  passes  from 
the  arteries  to  the  veins.  This  is  about  the  amount  that  is  in- 
dicated by  direct  experiment  (16). 

EXPERIMENTAL. 

Preparation  of  Reagents. 

Picric  Acid. — Merck's  "blue  label"  picric  acid  is  satisfactory.  Dissolve 
20  gm.  in  hot  water  in  a  2,000  cc.  volumetric  flask,  allow  to  cool,  and  dilute 
to  mark. 

0.01  and  0.005  n  NaOH.— Prepared  daily  by  dilution  of  0.1  n  NaOH 
with  COi-free  H20. 

Indicators. — Methyl  red  and  phenol  red.  0.4  per  cent  solutions  are  pre- 
pared according  to  Clark  (17)  by  dissolving  0.1  gm.  in  7.4  and  5.7  cc, 
respectively,  of  0.05  n  NaOH  and  diluting  to  25  cc.  For  use  in  this  method, 
these  solutions  are  diluted  with  9  volumes  of  water. 

Thymolphthalein. — A  1  per  cent  solution  in  alcohol,  to  which  there  is 
added  enough  NaOH  to  give  a  slight  blue  color. 

Nitron. — A  filtered  1  per  cent  solution  in  10  per  cent  acetic  acid.  Recovery 
of  excess  nitron  from  the  filtrates.  These  are  evaporated  to  small  volume, 
cooled,  and  made  strongly  alkaline  with  ammonia.  The  nitron  separates 
out,  is  filtered,  washed  with  a  little  water,  air-dried,  and  is  then  ready  for 
use. 

Titanous  Chloride.1 — To  70  cc.  of  commercial  20  per  cent  TiCU,  add  140  cc. 
of  concentrated  HC1,  heat  to  boiling  for  1  minute,  cool,  and  dilute  to  2,000 
cc.  with  water  that  has  been  boiled  and  cooled  under  carbon  dioxide. 

Ferric  Ammonium  Sulfate.3 — Mix  50  cc.  of  concentrated  H1SO4  with 
2,000  cc.  of  H»0,  heat  to  boiling,  cool  under  COi,  and  use  to  dissolve  48.4 
gm.  of  Fe,  (SO*),.  (NH4),  SO4.24  HaO. 

NHiCNS.* — Dissolve  100  gm.  in  air-free  water  and  dilute  to  1,000  cc. 

The  TiCl3,  Fe2  (S04)8,  and  NH4CNS  are  kept  in  bottles  to  which 
there  are  attached  burettes  and  hydrogen  generators  as  shown  in 
Fig.  1. 

SUMMARY. 

A  method  based  upon  a  new  principle,  for  the  determination 
of  the  titratable  alkali  of  the  blood  is  described.  The  results  are 
unaffected  by  the  presence  of  small  amounts  of  oxalate  or  by  the 
degree  of  saturation  of  the  blood  with  oxygen  or  with  carbon  diox- 

9  For  use  with  the  volumetric  method  only. 
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TABLE  X. 


Comparison  of  Determinations  of  Titratable  Alkali  by  Gravimetric  Met  ho 
Using  Nitron,  and  by  Volumetric  Method,  Using  Titanous  Chloride 

(Methyl  Red  Only). 


Gravimetric  method. 
5  cc.  blood  precipitated 
30  co.  filtrate, 
—  3  cc.  blood,  u?ed. 
0.1  n  alkali  per  100 cc.  of  blood. 

Volumetric  method. 

Value  obtained. 
0.1  n  alkali  per  100  cc.  of  bloc* 

Amount  of 
blood  pre- 
cipitated. 

Equivalent 
in  liquid 
analysed. 

I 

II 

Averse 

cc. 

cc. 

cc. 

cc. 

cc. 

cc. 

47.7 

0.30 

0.200 

45.6 

48.9 

47.3 

0.40 

0.225 

48.5 

48.0 

48.3 

0.50 

0.300 

46.9 

45.5 

46.2 

46.0 

0.30 

0.175 

46.2 

44.7 

45.5 

0.40 

0.225 

45.3 

46.2 

45.8 

0.50 

0.318 

46.6 

44.9 

45.8 

46.2 

0.30 

0.200 

43.8 

45.3 

44.6 

0.40 

0.250 

43.9 

44.9 

44.4 

0.50 

0.338 

45.7 

44.6 

45.7 

46.0 

0.30 

0.175 

44.7 

44.7 

44.7 

0.40 

0.250 

44.0 

44.8 

44.4 

0.50 

0.325 

45.8 

44.3 

45.1 

47.5 

0.30 

0.175 

47.7 

46.0 

46.9 

0.40 

0.235 

46.0 

45.8 

45.9 

0.50 

0.300 

49.8 

47.4 

48.6 

47.3 

0.30 

0.175 

42.0 

44.8 

43.4 

0.40 

0.225 

46.6 

45.8 

46.2 

0.50 

0.300 

48.1 

46.7 

47.4 

TABLE  XI. 


Comparison  of  Results  Obtained  with  Blood  from  an  Arm  Vein  and  w 
Quantities  of  OJt  to  0.6  Cc.  from  Fingers,  Showing  Comparative  In- 
accuracy of  the  Method,  Apparently  Due  to  Tissue  Material 
Introduced  by  Squeezing  Finger  (Methyl  Red  Only). 


Vein. 

Fingers. 

I 

II 

III 

IV 

V- 

42.7 

37.1 
47.2 

50.7 
41.5 
48.3 

49.3 
44.1 
48.9 

45.3 
37.7 
52.7 

47.1 
34.9 

48.7 

47.2 
38.4 
50.2 
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than  that  obtained  from  arterial  blood.  The  figures  in  Tables 
VI  and  VIII  indicate  a  transfer  of  the  equivalent  of  2  or  3  cc. 
of  0.1  n  acid  from  plasma  to  corpuscles  as  the  blood  passes  from 
the  arteries  to  the  veins.  This  is  about  the  amount  that  is  in- 
dicated by  direct  experiment  (16). 

EXPERIMENTAL. 

Preparation  of  Reagents. 

Picric  Acid. — Merck's  "blue  label"  picric  acid  is  satisfactory.  Dissolve 
20 em.  in  hot  water  in  a  2,000  cc.  volumetric  flask,  allow  to  cool,  and  dilute 
to  naark. 

0-OJ  and  0.005  n  NaOH.— Prepared  daily  by  dilution  of  0.1  n  NaOH 
with.  C0i-freeH,O. 

I**<iicators. — Methyl  red  and  phenol  red.  0.4  per  cent  solutions  are  pre- 
pw^l  according  to  Clark  (17)  by  dissolving  0.1  gm.  in  7.4  and  5.7  cc, 
raspectively,  of  0.05  n  NaOH  and  diluting  to  25  cc.  For  use  in  this  method, 
these  solutions  are  diluted  with  9  volumes  of  water. 

Thymolphthalein. — A  1  per  cent  solution  in  alcohol,  to  which  there  is 
added  enough  NaOH  to  give  a  slight  blue  color. 

& itron. — A  filtered  1  per  cent  solution  in  10  per  cent  acetic  acid.  Recovery 
°j  excess  nitron  from  the  filtrates.  These  are  evaporated  to  small  volume, 
co°led,  and  made  strongly  alkaline  with  ammonia.  The  nitron  separates 
out,  is  filtered,  washed  with  a  little  water,  air-dried,  and  is  then  ready  for 
use. 

Titanou8  Chloride.1— To  70  cc.  of  commercial  20  per  cent  TiCU,  add  140  cc. 
of  concentrated  HC1,  heat  to  boiling  for  1  minute,  cool,  and  dilute  to  2,000 
cc.  with  water  thai  has  been  boiled  and  cooled  under  carbon  dioxide. 

Ferric  Ammonium  Sulfate.9 — Mix  50  cc.  of  concentrated  HaS04  with 
2,000  cc.  of  H»0,  heat  to  boiling,  cool  under  COi,  and  use  to  dissolve  48.4 
Pa-  of  Fea  (S04)».  (NH4)t  S04.24  H20. 

NH4CNS.1 — Dissolve  100  gm.  in  air-free  water  and  dilute  to  1,000  cc. 

^  TiCl3,  Fe2  (S04)8,  and  NH4CNS  are  kept  in  bottles  to  which 
toere  are  attached  burettes  and  hydrogen  generators  as  shown  in 
%  1. 

SUMMARY. 

4  method  based  upon  a  new  principle,  for  the  determination 

°*  the   titratable  alkali  of  the  blood  is  described.     The  results  are 

^affected  by  the  presence  of  small  amounts  of  oxalate  or  by  the 

aegreo  of  saturation  of  the  blood  with  oxygen  or  with  carbon  diox- 

*^or  use  with  the  volumetric  method  only. 
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ide.  Several  indicators  may  be  used  in  the  same  sample.  With 
phenol  red,  the  end-point  is  approximately  at  the  reaction  of 
human  blood  and  the  value  then  obtained  represents  the 'amount 


•u- 


Fig.  1. 


of  alkali  previously  combined  with  the  carbonic  acid  and  protein 
of  the  blood.  For  normal  human  blood,  this  is  the  equivalent  of 
approximately  38  cc.  of  0.1  n  NaOH  per  100  cc.  of  blood.  By  a 
suitable  choice  of  indicators,   the  value  of  the  "acid-soluble" 
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buffers  may  be  determined.    This  is  about  11  cc.  of  0.1  n  NaOH 

per  100  cc.  of  blood  between  the  end-points  for  methyl  red 

(pH  6.0)  and  thymolphthalein  (pH  9.0).     The  error  in  the  method 

is  db  1  per  cent  with  5  cc.  of  blood,  db  2  per  cent  with  1.6  cc.  of 

blood,  and  ±  4  per  cent  with  from  0.3-to  0.5  cc.  of  blood.    These 

figures  apply  to  the  titration  with  methyl  red.    They  are  slightly 

greater  to  other  indicators  and  with  the  very  small  quantities  of 

blood  only  methyl  red  was  found  suitable. 
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From  his  work  on  human  blood,  Barcroft  (13)   derived  the 

y  Kxn 

formula -r=—L  as  an  expression  for  the  relation  between 

100       1-K  xn  F 

the  pressure  of  oxygen,  in  millimeters  of  mercury  (x),  with  which 

the  blood  was  in  equilibrium  and  its  percentage  saturation  with 

oxygen  (y).    Barcroft  found  that  (n)  had  the  value  2.5.     (This 

has  recently  been  changed  by  Hill  (14)  to  2.2.)     The  value  of 

(K)  varied  with  the  nature  of  the  blood  and  was  particularly 

markedly   affected   by   the  reaction,    becoming   greater  as  the 

alkalinity  was  increased. 

In  their  calculations,  Wilson,  Stearns,  and  Thurlow  used  the 
same  value  for  (n)  for  dog  blood  as  Barcroft  had  for  human  blood. 
But  calculations  from  their  own  results  show  that,  under  the  con- 
ditions they  employed,  the  value  of  (n)  was  not  2.5,  but  approxi- 
mately 1.5.  Only  then  does  the  value  of  (K)  for  the  normal  dog 
blood  approach  constancy  (17  X  10"3  to  27  X  10~3).  But  if 
this  value  for  (n)  be  used  in  calculations  from  the  data  obtained 
with  parathyroidectomized  dogs,  it  is  found  that  only  rarely  is 
the  value  of  (K)  thus  obtained  much  greater  than  the  normal  for 
that  animal  or  outside  the  normal  range. 

The  significance  of  the  few  changes  in  the  value  of  (K)  as  remain 
when  the  correct  value  of  (n)  is  used  is  obscure.  Barcroft  found 
the  value  of  (n)  for  hemoglobin  in  NaCl  solution  to  be  1.778,  in 
KC1  solution,  2.49.  Even  a  slight  decrease  in  the  value  of  (n) 
would  greatly  increase  the  apparent  value  of  (K)  and  it  seems 
quite  possible  that  the  change  in  the  concentration  of  calcium  or  of 
phosphorus  in  the  blood  should  have  been  responsible  for  the 
apparent  increase  in  the  value  of  (K). 

The  effect  on  the  reaction  of  the  dialysate  of  the  blood  shaken 
to  remove  "excess  of  carbon  dioxide"  must  have  been  due  to  other 
causes  than  an  increased  CCVcombining  power  because  such 
change  could  hardly  fail  of  detection  by  its  effect  on  the  value  of 
(K) ;  unless,  indeed,  it  were  masked  by  a  simultaneous  increase 
in  the  value  of  (n).  It  is  possible  that  the  change  in  the  calcium 
and  phosphorus  of  the  blood,  by  .changing  the  error  in  the  dialy- 
sis indicator  method  due  to  the  Donnan  equilibrium,  should  have 
been  responsible  for  the  apparently  increased  CCVcombining 
power. 
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There  would  seem  to  be,  therefore,  nothing  in  the  work  o 
Wilson  and  his  associates  that  is  really  indicative  of  a  relatioi 
between  alkalosis  and  tetany.  But  the  hypothesis  seems  to  hav 
been  an  attractive  one  and  even  the  work  of  Hastings  and  Murra; 
(15)  and  of  Underhill  and  Nellans  (16),  which  has  conclusivel; 
shown  that  there  is,  after  parathyroidectomy,  no  change  eithe 
in  alkalinity  or  in  COj-combining  power,  has  not  caused  it  to  b 
abandoned. 

Tetany  after  Administration  of  Alkalies. 

It  is,  of  course,  possible  that  other  types  of  tetany,  such  a 
those  occurring  after  persistent  vomiting,  hyperpnea,  or  injectio 
of  alkalies,  are  due  to  alkalosis,  even  if  the  tetany  of  parathj 
roidectomized  dogs  is  not.  However,  no  such  effect  following  th 
administration  of  alkalies  is  mentioned  by  Hougardy  (17)  or  b; 
Scott  (18).  The  former  used  sodium  hydroxide  and  observed  th 
occurrence  of  apnea,  which  was  more  marked,  or  obtained  wit 
smaller  doses,  if  the  injection  was  made  into  the  carotid  arter 
towards  the  head  than  if  it  was  made  into  a  vein  and  was  leas 
pronounced,  or  required  the  largest  dose,  when  the  injection  wa 
made  through  a  sound  inserted  through  the  carotid  artery  int 
the  aorta.  Sodium  carbonate  and  calcium  hydroxide  produce 
similar  effects  but  in  none  of  his  protocols  did  Hougardy  mentio: 
the  appearance  of  tetany. 

Scott  injected  sodium  carbonate  into  decerebrate  cats  and  ofc 
tained  considerable  increases  in  C02-combining  power  and  i: 
alkalinity  of  the  blood,  as  measured  by  a  dialysis  indicator  methoc 
However,  in  the  course  of  the  wrork  to%  be  presented  in  this  papei 
not  quite  such  great  changes  were  obtained  by  a  more  accurat 
method,  even  after  the  injection  of  much  larger  quantities  c 
sodium  carbonate.  Therefore,  it  seems  quite  likely  that  the  mag 
nitude  of  the  changes  observed  by  Scott  was  due,  in  part,  to 
greater  escape  of  carbon  dioxide  from  the  specimens  which  wer 
under  a  high  CO2  tension  than  from  those  collected  under  norms 
conditions.  Even  if  Scott's  data  are  absolutely  correct,  they  onl; 
show  that  the  reaction  of  the  blood  of  decerebrate  cats  may  b 
changed  from  a  normal  of  pH  7.3  to  7.4  to  pH  7.7  to  7.8  withou 
the  appearance  of  tetany,  for  it  is  scarcely  conceivable  that  such  a 
occurrence  could  have  escaped  his  observation  and  descriptior 
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Ho^rever,  it  may  be  objected  that  the  removal  of  the  cerebrum 
prevented  the  appearance  of  tetany. 

Although  experimental  evidence  was  lacking,  it  was  assumed  by 
some  that  the  tetany  that  sometimes  appeared  after  the  thera- 
peutic administration  of  sodium  bicarbonate  was  due  to  alkalosis. 
Palmer  and  Van  Slyke  (19)  advised  great  caution  in  the  use  of 
sodium  bicarbonate  and  regarded  a  plasma  CCVcombining  power 
of  80  per  cent  as  dangerous.  At  the  most,  this  could  mean  only 
«t  slight  change  in  actual  hydrogen  ion  concentration.  Assuming 
that  the  alveolar  CO2  tension  remained  at  40  mm.,  there  would 
fc>e  2.84  per  cent  free  carbon  dioxide  in  the  plasma.  From  Hassel- 
balch's  formula,  this  would  mean  a  pH  of  7.55,  if  the  CCVcombin- 
1Xif5  power  were  80  per  cent;  if  the  pH  is  assumed  to  be  constant  at 
7.4,  the  80  volumes  per  cent  of  bound  carbon  dioxide  would  re- 
quire a  free  carbon  dioxide  content  of  5.9  per  cent,  equivalent  to 
ai*  alveolar  CO2  tension  of  83  mm.  Neither  of  these  adjustments 
s**ould  be  so  readily  assumed  to  be  outside  the  capacity  of  the 
°rf5anism,  particularly  since  both  are  probably  operative  and, 
^^^nsequently,  neither  need  be  fully  exercised. 

It  is  interesting  to  observe  that  the  cases  of  tetany  that  have 
'  b^en  reported  to  have  occurred  after  the  therapeutic  adminis- 
tration of  sodium  bicarbonate  (20  to  23)  were  all  in  individuals 
ll*  whom  renal  deficiency  was  known  to  exist  or  was  quite  probable. 
■**  the  kidneys  cannot  excrete  the  excess  alkali,  it  is  retained.  But 
there  is  little  or  no  increase  in  alkalinity  for  there  is  a  retention 
°f  carbon  dioxide  that  keeps  the  reaction  normal,  or  nearly  so. 
*n  no  case  of  tetany  following  the  administration  of  sodium  bicar- 
boncUe  has  a  change  in  the  reaction  of  the  blood  been  demonstrated. 

In  order  to  obtain  some  definite  knowledge  regarding  the  possi- 
bility of  producing  either  a  change  in  the  reaction  of  the  blood  or 
tetany,  or  both,  by  the  injection  of  sodium  bicarbonate  or  carbon- 
ate, a  number  of  experiments  were  performed  upon  dogs.     The 
^fcsults  embodied  in  a  preliminary  report  made  in  1921,  showed 
that  huge  amounts  of   sodium   bicarbonate  were  required  to 
Produce  tetany  and  that  there  was,  at  the  most,  only  a  slight 
change  in  the  reaction  of  the  blood.     Unfortunately,  zinc  sul- 
fate was  used  as  the  anticoagulant  and  this  made  all  the  values 
for  the  pH  too  low.    The  same  amount  of  zinc  sulfate  was  used 
in  each  case  and  should,  theoretically,  have  produced  a  greater 
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change  in  pH  in  normal  blood  than  in  that  obtained  after  admin- 
istration of  sodium  bicarbonate.  However,  there  remained  some 
doubt  as  to  the  significance  of  the  results. 

The  experiments  were  repeated  several  times  with  improved 
technique  and  with  the  same  results.  Too  rapid  injection  of  eithei 
sodium  carbonate  or  bicarbonate  was  followed  by  apnea,  which 
might  be  fatal.  If  this  were  avoided,  there  was  no  marked  effeel 
except  an  increased  heart  rate  until  very  large  amounts  had  beer 
injected  and  until  the  bicarbonate  content  of  the  plasma  hac 
reached  a  very  high  level,  over  120  volumes  per  cent.  The  re- 
action of  the  plasma  of  the  arterial  blood  was  determined  by  Cul- 
len's  method  (24)  and  was  found  to  have  changed  only  slightly, 
not  more  than  0.23  on  the  pH  scale.  As  the  injection  was  con- 
tinued, twitching  and  tremor  and,  finally  tonic-clonic  convulsions 
appeared.  Blood  taken  from  the  artery  as  soon  as  possible  aftei 
the  appearance  of  the  convulsions  showed  that  there  had  beer 
no  further  change  in  the  reaction  of  the  blood.  As  the  convul- 
sions continued,  the  reaction  of  the  blood  became  less  and  less 
alkaline,  the  concentration  of  total  carbon  dioxide  in  the  plasms 
fell  rapidly,  until  samples  of  blood  taken  shortly  before  the  animal 
died  showed  a  condition  of  acidosis,  and  not  alkalosis,  to  obtain, 
In  one  experiment  (Table  III),  the  pH  of  the  plasma  changed  from 
7.56  before  the  injection  of  sodium  carbonate  was  begun  to  7.6S 
just  before  the  convulsions  appeared,  and  then  rapidly  fell 
to  7.04  just  before  death.  The  corresponding  figures  for  the  car- 
bon dioxide  content  were  62.4,  171,  and  54.1  volumes  per  cent  anci 
for  the  bicarbonate  carbon  dioxide  were  60.4,  167,  and  48.2  volumes 
per  cent.  The  results  obtained  in  the  determination  of  titratablc 
alkali  by  the  method  of  Greenwald  and  Lewman  (25)*,  whicl 
measures  essentially  the  amount  of  base  combined  with  'HCQ 
and  with  protein  in  the  blood,  were  very  similar,  the  titrations 
to  phenol  red  changing  from  41.7  to  77.3,  and  then  to  28.6  cc.  oi 
0.1  n  NaOH  per  100  cc.  of  blood. 

The  relative  constancy  of  the  reaction  of  the  plasma,  in  spite  oi 
the  great  increase  in  bicarbonate  content,  could  be  secured  onlj 
by  a  retention  of  free  carbon  dioxide.  No  determinations  of  th« 
alveolar  carbon  dioxide  tension  were  made  but  calculations  fronc 
the  total  carbon  dioxide  and  pH  of  the  plasma  indicate  that 
when  the  bicarbonate  content  of  the  plasma  was  at  its  highest 
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the  alveolar  carbon  dioxide  tension  was  about  60  mm.  of  mercury. 

After  the  animal  went  into  convulsions,  largo  amounts  of  carbonic, 
'actic,  and,  probably,  other  acids  were  formed  and  the  calculated 
carbon  dioxide  tension  rose  to  as  much  as  100  mm. 

TABLE  I. 

Dog  8.    Female  mongrel.    Weight  15  kilos.    Used  5.01  per  cent  NoHCOi. 
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20 
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21 
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60.9 

40.9 

136 

lO.  61-11.05 

225 

B75 

U.08 

225 
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U  .OS-11.18 

150 

825 

H- 15-11.24 

Twitching,  increasing 
to  convulsions. 

U.25 

08,0 

61.0 

37.2 

132 
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37.6 
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" 
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51.5 
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77.2 

11.44 

43.0 

27.5 
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11.40 

Respiration  ceased. 

I'rine.    Volume  485 

Contained  2.16  gm 

cWorme,  and  0.0112  f 

injected 

Ejccteted 

Retained  in  body 


cc.  titrated  asO.1865  n  alkali,  after  removing  CO,. 

of  sodium,  0.349  gm.  of  potassium,  0.537  gm.  of 
m.  of  phosphorus. 

11.30  gm.  of  sodium  or  0.754  gm.  per  kilo. 

2.16  \"    " 

9.14    "    "        "       or  0.609  gm.  per  kilo. 
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It  is  of  interest  to  notice  that  the  concentration  of  lactic  acid 
in  the  blood  was  increased  before  the  tetany  was  observed.  That 
the  administration  of  alkalies  increases  the  amount  of  lactic  add 
in  the  urine  has  been  reported  by  Macleod  and  Knapp  (26). 

Examination  of  the  values  obtained  in  the  determination  of 
what  Greenwald  and  Lewman  (25)  have  called  titratable  alkali, 
using  different  indicators,  discloses  some  interesting  relations.  Id 
Experiment  13  (Table  III),  the  normal  values  were  47.3,  41.7,  and 
35.8  cc.  of  0.1  n  alkali  per  100  cc.  of  blood,  to  methyl  red,  phenol  red. 
and  thymolphthalein,  respectively.  Just  before  death,  they  were 
34.9,  28.6,  and  12.6.  The  difference  between  the  titration  tc 
methyl  red  (pH  6.0)  and  that  to  phenol  red  (pH  7.4)  was  little 
changed  but  that  between  the  latter  and  the  titration  to  thymol- 
phthalein (pH  9.0)  was  greatly  increased. "  This  could  not  have 
been  due  to  the  lactic  acid  because  this  is  quantitatively  titrated 
with  methyl  red.  Since  the  disturbance  is  entirely  on  the  alkaline 
side  of  the  phenol  red  end-point,  it  must  have  been  due  to  the 
presence  of  weak  bases  or  to  acids  having  a  dissociation  constanl 
lower  than  that  of  the  second  hydrogen  ion  of  phosphoric  acid, 
which  gives  a  symmetrical  curve.  Since  the  excretion  into  the 
urine  during  the  convulsions  is  negligible  the  presence  of  some  othei 
acid  is  also  indicated  by  the  fact  that  the  increase  in  the  concen- 
tration of  lactic  acid  in  the  blood  is  not  sufficient  to  account  foi 
the  observed  fall  in  the  titratable  alkali.  Both  blood  and  urine 
were  examined  for  0-hydroxybutyric  acid  and  the  latter  for  aceto 
acetic  acid,  also.  Neither  was  found  in  amounts  at  all  compar 
able  with  those  required  to  account  for  that  part  of  the  fall  in  blooc 
alkali  which  was  not  due  to  the  increased  "concentration  of  lacti< 
acid.    The  nature  of  the  substance  remains  unknown. 

The  tetany  and  convulsions  following  the  injection  of  sodiun 
carbonate  are  evidently  not  due  to  alkalosis.  To  what  may  tliei 
be  ascribed?  Examination  of  Table  IV  leaves  little  doubt.  Whei 
convulsions  appear  after  the  injection  of  sodium  carbonate  o: 
bicarbonate,  the  concentration  of  sodium  in  the  plasma  is  th< 
same  as  when  convulsions  appear  after  the  injection  of  sodiun 
chloride  or  sulfate.  All  sodium  salts  injected  in  large  excess  an 
toxic  and,  apparently,  several  of  them  are  about  equally  toxic.  Ii 
each  case,  there  is  produced  a  sudden  and  marked  disturbance 
of  the  relation  between  sodium  ion  and  other  cations.    Osmotic 


TABLE  IV. 

Comparison  of  Toxicity  of  Several  Sodium  Salts. 


d 

2: 

on  of 
r  liter. 

Sodium.* 

c 

i 

salt. 

Concentrati 
sodium  pei 

• 

6 
••* 

Injected 
per  kilo. 

^     Retained 
?       per  kilo. 

s§ 

gm. 

Remarks. 

• 

gm. 

min. 

gm. 

V* 

NaCl 

11.5 

26 

0.995 

0.832 

0.408 

Twitching. 

13.7 

33 

1.455 

1.302 

0.493 

Convulsions. 

VI* 

(Na,HP04 
[NaHtPO* 

8.73 

31 

0.702 

0.621 

0.451 

Respiratory  failure, 
no  twitching. 

v^n* 

Na^04 

5.84 

106 

1.285 

0.822 

0.480 

Twitching. 

1 

NaHCO, 

21.8 

38 

0.694 

0.493 

0.442 

u 

3. 

NaHCO, 

21.8 

40 

0.793 

0.709 

0.457 

Convulsions,  in 
spite  of  use  of  45 
mg.  K,  32  mg.  Ca, 
and  6  mg.  Mg  per 
kilo  injected  into 
another  vein. 

4 

NaHCO, 

10.9 

68 

1.140 

0.870 

0.420 

Respiratory  failure, 

• 

no  twitching. 

5 

NaHCO, 

21.5 

31 

0.747 

0.730 

0.436 

Twitching. 

• 

NaCl  in  HCl 

41 

0.807 

0.790 

0.452 

Convulsions  not 
checked  by  2.59 
cc.  n  HCl  in  n 
NaCl  per  kilo. 

7 

NaHCO, 

21.5 

51 

0.761 

0.591 

0.455 

Twitching. 

66 

1.100 

0.866 

0.533 

Convulsions,  which 
were  not  checked 
by  subsequent 
injection  of  1.30 
cc.   n   HCl    in   n 

NaCl  in  HCl 

84 

1.130 

0.889 

0.496 

NaCl  per  kilo. 

8 

NaHCO, 

13.7 

105 

0.754 

0.609 

Convulsions. 

9 
11 

NaHCO, 

15.5 

77 

0.932 

0.706 

0.476 

n 

Na,CO, 

23.2 

90 

0.832 

0.698 

0.512 

*< 

13        Na,CO, 

23.2 

87 

0.6530.439 

0.475 

Faint  tremor. 

-J 

114 

0.940J0.609 

0.547 

Convulsions. 

Se«Greenwald  (27). 


297 


298      Relation  Between  Alkalosis  and  Tetany 

pressure  plays  a  part  ajid  the  nature  of  the  anion  is  not  withe 
significance.  It  must  be  remembered  that  it  is  not  the  concc 
tration  of  sodium  in  the  plasma  that  is,  in  itself,  significant  t 
that  it  is  the  concentration  in  certain  cells  or  at  their  boundar 
that  determines  the  effects  obtained.  The  toxic  action  may  < 
pend  upon  the  ability  of  the  sodium  ion  to  penetrate  the  cell  a 
thus  upset  the  ionic  equilibrium  therein  or  it  may  depend  upon 
being  unable  to  penetrate,  while  combined  with  an  anion  that  d< 
and  in  that  manner  damaging  the  cell  by  virtue  of  the  electric 
disturbance  thus  produced  at  the  surface.  But  whatever  t 
precise  mechanism  may  be,  there  seems  to  be  little  doubt  b 
that  the  convulsions  following  the  injection  of  sodium  carbons 
are  due  to  what  the  author  (27)  has  called  "sodium  poisoning 
a  disturbance,  due  to  excess  of  sodium  ion,  of  the  normal  relatio 
between  this  and  other  cations. 

Gastric  Tetany. 

There  remain  to  be  considered  two  types  of  tetany,  both 
which  appear  to  be  due  to  a  loss  of  acid  from  the  body.  The 
are  gastric  tetany  and  the  tetany  of  hyperpnea.  The  former 
these  occurs  after  persistent  vomiting  or  excessive  gastric  lava 
which  involve  the  loss  of  considerable  amounts  of  hydrochlo: 
acid.  It  is  not  surprising  to  find  an  increase  in  the  COs-combini 
power  of  the  plasma.  But  there  is  no,  or  very  little,  change  in  i 
reaction  (28).  What  happens  is  merely  an  exaggeration  of  wh 
happens  after  every  meal.  There  is  a  secretion  of  hydrochloi 
acid  into  the  stomach  and  the  loss  of  this  acid  from  the  blood 
compensated  for,  in  part,  by  the  excretion  of  a  more  alkali 
urine,  and  in  part,  by  a  retention  of  carbon  dioxide.  The  proci 
cannot  be  continued  indefinitely  unless  the  hydrochloric  acid 
later  reabsorbed.  If  it  is  not,  tetany  and  collapse  occur  sooe 
or  later.  But  these  are  not  due  to  alkalosis  but  to  the  mark 
disturbance  in  ionic  equilibrium  brought  about  by  the  loss  of 
much  chlorine.  That  ammonium  chloride  should  relieve  gast: 
tetany  is  not  surprising  (29).  It  supplies  the  missing  chlor-ic 
combined  with  a  base  that  is  readily  converted  into  a  neuti 
substance,  and  thus  restores  the  ionic  equilibrium. 

Tetany  and  convulsions  are  not  due  to  any  single  cause.     A] 
one  of  a  multitude  of  disturbances  in  the  equilibrium  with 
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certain  tissues  may  be  responsible.  Convulsions  are  to  be  re- 
garded as  a  sign  of  approaching  or  partial  (disintegration  of  the 
neuromuscular  apparatus.  The  defect  may  occur  in  any  one  of 
several  structures  and  may  be  due  to  any  one  of  many  causes. 

Tetany  Following  Hyperpnea. 

Collip  and  Backus  (30)  observed  tetany  in  a  few  of  fifteen 
individuals  who  subjected  themselves  to  voluntary  forced  breath- 
ing. The  COy-combining  power  of  the  plasma  and  the  CO2 
tension  of  the  alveolar  air  were  determined  before,  immediately 
after,  and  at  intervals  after,  the  period  of  hyperpnea.  Neither 
the  reaction  nor  the  total  carbon  dioxide  of  the  plasma  were  de- 
termined but  the  ratio  of  free  to  combined  carbon  dioxide  in  the 
plasma  was  calculated  upon  the  assumption  that  the  alveolar  air 
was  in  equilibrium  with  the  plasma.  The  author  has  calculated 
from  this  ratio,  assuming  the  value  of  6.1  for  pKi  in  Hasselbalch's 
equation,  the  pH  of  the  plasma;  which  appears  to  have  been 
changed,  by  the  forced  respiration,  by  from  0.13  to  0.39,  the  aver- 
age being  0.24.  The  maximum  value  of  pH  calculated  is  7.82. 
The  actual  change  may  have  been  even  less  for,  after  a  period  of 
hyperpnea,  the  usual  period  of  contact  may  not  be  sufficient  to 
bring  the  alveolar  air  into  equilibrium  with  the  blood.  However, 
there  must  have  been  some  change  for  the  character  of  the  urine 
changed,  becoming  more  alkaline  in  spite  of  the  diminished  ex- 
cretion of  ammonia  and  increased  excretion  of  phosphates. 

Grant  and  Goldman  (31)  performed  a  smaller  series  of  similar 
experiments.  They  determined  the  pH  by  a  dialysis  indicator 
method  and  found,  in  five  experiments,  a  change  of  from  0.05 
to  0.25,  the  average  being  0.16.  The  highest  value  of  pH  observed 
was  7.65. 

Collip  and  Backus  and  Grant  and  Goldman  accepted  this 
change  in  reaction  as  an  explanation  of  the  tetany  observed.  In 
a  subsequent  publication,  in  which  he  dealt  with  the  effects  of 
the  subarachnoid  and  intraarterial  injection  of  sodium  bicarbonate 
and  other  electrolytes,  Collip  (32)  emphasized  the  disturbance  in 
the  cation  equilibrium,  although  he  also  ascribed  a  specific  stimu- 
lating effect  of  the  bicarbonate  anion. 

It  is  interesting  to  contrast  the  attitude  of  British  investigators 
with  that  of  the  Americans. 
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Davies,  Haldane,  and  Kennaway  (33)  observed  tetany-likc 
symptoms  after  forced  breathing  and  they  recognized  that  there 
was  probably  a  slight  change  in  the  reaction  of  the  blood.  How- 
ever, they  recognized  that  this  was  not,  in  itself,  the  cause  of  the 
tetany.    They  stated : 

"There  would  however  have  been  comparatively  little  alkalosis  in  the 
tissues,  as  Yandell  Henderson  has  shown  in  numerous  papers  on  acapnia 
and  shock  that  forced  breathing  decreases  the  peripheral  circulation, 
The  bad  effects  noticed  by  us  were  relieved  by  inhalation  of  oxygen  and 
were  presumably  due  partly  to  increased  stability  of  oxyhemoglobin, 
partly  to  vasoconstriction. " 

Hyperpnea  induced  by  hot  baths  was  found  by  Bazett  and 
Haldane  (34)  to  produce  tetany-like  symptoms, 

"which  were  relieved  by  breathing  mixtures  containing  either  8.5  p.  c. 
COt  with  14.2  p.  c.  Oj,  or  equal  volumes  of  air  and  Ot.  They  were  there- 
fore probably  due  to  oxygen  want  in  the  tissues  caused  by  over-stability 
of  oxyhemoglobin  resulting  from  acapnia,  as  in  voluntary  forced 
breathing." 

This  view  is  made  more  probable  by  the  work  of  Morris  (35), 
who  found  that  a  number  of  manipulations,  which  had  in  common, 
apparently,  only  the  fact  that  they  all  produced  anoxemia  in  the 
tissues,  all  increased  the  electrical  excitability  of  the  neuromyon. 

In  fact,  all  these  observations  were  clearly  foreshadowed  by 
the  work  of  Hill  and  Flack  (36),  who  wrote  in  1910: 

"The  inhalation  of  oxygen  lessens  the  discomfort  of  forced  breathing. 
It  enables  young  men  with  a  great  power  of  pulmonary  ventilation  to  gc 
on  with  forced  breathing  for  as  long  as  19  minutes,  and  to  wash  the  COj 
out  of  the  body  till  the  alveolar  tension  sinks  to  as  low  as  1.47%." 

The  lowest  alveolar  COa  content  observed  by  Collip  and  Backus 
was  2.1  per  cent  and  the  average,  after  hyperpnea,  was  2.9.  The 
corresponding  figures  in  the  experiments  of  Grant  and  Goldman 
were  2.47  and  2.76,  respectively.  But  Hill  and  Flack  were  able 
to  lower  it  to  1.47  per  cent  without  the  appearance  of  tetany, 
because  there  was  no  anoxemia. 

Paradoxical  as  it  may  seem,  there  can  be  little  doubt  but  thai 
forced  breathing  produces  tissue  asphyxia.  It  is  this  and  not  the 
increased  alkalinity,  per  sef  that  induces  tetany. 
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It  would  appear  that  as  long  as  life  exists  at  all,  the  reaction 
of  the  blood  can  be  changed  only  to  a  very  slight  degree.  Such 
changes  as  do  occur  seem  to  affect,  directly,  only  the  respiration. 
It  is  the  respiratory  center  that  is,  next  to  the  buffer  properties  of 
the  blood  itself,  the  immediately  active  regulator  of  the  reaction  of 
the  blood.  The  kidneys  act  more  slowly.  The  respiratory  center 
can  be  set  aside,  as  in  forced  respiration,  or  given  too  great  a 
bask,  as  in  intravenous  administration  of  acid  or  of  alkali,  but, 
ordinarily,  it  functions  quickly  and  adequately  and  maintains 
the  reaction  of  the  blood  at  a  nearly  constant  value. 

EXPERIMENTAL. 

After  a  fast  of  1  or  2  days,  the  dog  was  catheterized  and,  under 
cocaine  anesthesia,  the  femoral  artery  of  one  side  and  the  vein  of 
the  other  were  exposed  and  attached  to  cannulae.  A  sample  of 
blood  was  taken  from  the  artery.  The  bladder  was  washed  with 
distilled  water  and  the  injection  of  the  solution  was  then  begun. 
In  the  earlier  experiments  (Experiments  1  to  7),  the  samples  of 
blood  were  large,  about  200  cc,  and  no  others  were  drawn  until 
marked  symptoms  had  developed.  In  the  later  experiments 
however,  the  samples  were  smaller,  not  exceeding  60  cc,  and  were 
collected  at  intervals,  after  running  out  about  25  cc,  to  insure 
the  collection  of  circulating  blood.  The  titratable  alkali  was 
determined  by  the  method  of  Greenwald  and  Lewman  (25)  and 
the  lactic  acid  by  a  slight  modification  of  that  of  Scott  and  Flinn 
(37).  This  unquestionably  gives  too  high  results  in  normal  blood 
because  glucose  also  yields  a  substance  reacting  with  iodine  but 
the  rise  after  the  injection  of  alkalies  is  almost  certainly  due  to 
lactic  acid  for  almost  identical  values  were  then  obtained  when 
the  blood  was  precipitated  with  acid  ammonium  sulfate  solution, 
the  filtrate  extracted  with  ether  in  a  continuous  extraction 
apparatus,  and  the  extract,  after  evaporating  off  the  ether  and 
alcohol,  used  for  the  determination. 

Some  of  the  blood  was  collected  under  paraffin,  centrifuged 
at  once,  the  cell  volume  was  read  off  and  the  plasma  used  for  the 
determination  of  hydrogen  ion  concentration,  by  Cullen's  method 
(employing  the  correction  0.18  to  bring  the  pH  at  20°  to  that  at 
38°),  of  total  and  bicarbonate  CO2  by  Van  Slyke's  methods,  and 
of  sodium.     In  the  later  experiments,  this  was  determined  by 
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Kramer's  method  but,  in  Experiments  1  to  7,  the  plasma  w 
precipitated  with  picric  acid,  the  filtrate  was  oxidized  with  sulfa] 
and  nitric  acids,  the  sulfuric  and  phosphoric  acids  were  remov 
with  barium  hydroxide,  this,  in  turn,  with  carbon  dioxide  an 
finally,  the  sodium  and  potassium  were  weighed  as  mixed  sulfate 
in  which  the  potassium  was  determined,  gravimetrically,  as  t 
cobalti-nitrite  and  the  sodium  by  difference. 

The  urines  secreted  during  the  period  of  the  experiment  w< 
analyzed  by  the  following  methods:  Alkalinity,  addition  of  exc< 
H2SO4,  boiling  to  remove  CO2,  and  titration*  with  NaOH,  usi 
methyl  red  as  indicator;  chlorine,  weighing  as  AgCl;  phosphoi 
acid,  Bell  and  Doisy  (38) ;  potassium  and  sodium,  as  in  the  pic 
acid  filtrate  from  plasma;  occasionally  also  by  Kramer's  methc 
lactic  acid,  Scott  and  Flinn  (37). 

It  seems  unnecessary  to  present  detailed  protocols.  Thi 
typical  experiments  are  reported  in  tabular  form  and  a  table  co: 
paring  the  toxicity  of  sodium  carbonate  and  bicarbonate  with  tb 
of  other  sodium  salts  is  presented. 

SUMMARY. 

After  intravenous  injection  of  sodium  carbonate  or  bicarbonf 
into  dogs,  there  is  a  retention  of  carbon  dioxide  which  is  so  grc 
that  the  reaction  of  the  blood  is  changed  only  slightly.  Su 
change  as  does  occur,  may  be  produced  with  comparatively  sm 
doses.  If  the  injection  is  made  sufficiently  slowly  to  avc 
apnea  but  is  continued  for  a  sufficiently  long  period,  convulsic 
appear.  Coincidently,  the  bicarbonate  content  and  the  alkalini 
of  the  blood  begin  to  diminish  and  this  process  continues  so  thi 
before  death  occurs,  both  may  be  less  than  normal.  The  chan 
is  due,  in  part,  to  the  increased  production  of  lactic  acid.  The 
is  some  evidence  of  the  formation  of  some  other  non-volatile  aci 
The  production  of  lactic  acid  appears  to  be  increased  before  cc 
vulsions  appear  but  it  is  enormously  accelerated  thereby. 

At  the  time  convulsions  appear,  the  concentration  of  sodiu 
in  the  plasma  is  the  same  as  was  observed  after  the  injection 
other  sodium  salts  (chloride,  sulfate,  phosphate).    The  convi 
sions  are  ascribed  to  "sodium  poisoning,"  a  disturbance,  due 
an  excess  of  sodium,  of  the  normal  equilibrium  between  sodiu 
and  other  ions. 
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The  evidence  in  favor  of  a  relation  between  alkalosis  and  the 
Tetany  of  parathyroidectomized  dogs,  gastric  tetany,  and  the  tet- 
any of  hyperpnea  is  examined.    It  is  shown  that  only  in  the 
last  named  is  there  any  indication  of  a  change  in  the  reaction  of 
the  blood  and  that,  even  in  this  case,  it  is  not  the  alkalosis, 
per  se,  but  the  tissue  anoxemia  that  results  from  the  increased 
stability  of  the  oxyhemoglobin,  that  is  the  exciting  factor. 

I  am  indebted  to  Mr.  Joseph  Gross  and  to  Mr.  Max  Meyer 
for-  their  assistance  with  the  experimental  work. 
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Note  Added  to  Proof. — Tisdall  has  recently  reported1  the  results  of  some 
experiments  in  which  he  injected  sodium  phosphate  and  phosphoric  acid 
into  dogs  which  he  discusses  under  the  title  "The  influence  of  the  sodium 
ion  in  the  production  of  tetany."  According  to  Tisdall,  there  was  no 
increase  in  the  sodium  content  of  the  serum  after  the  injection  of 
Na2HPC>4,  although  the  inorganic  phosphorus  of  serum  was  increased  by  as 
much  as  26  mg.  per  100  cc,  without  any  accompanying  change  in  reaction 
or  in  COj-combining  power.  What  neutralized  the  phosphoric  acid  re- 
tained in  the  serum  is  not  evident  nor  is  there  any  satisfactory  explanation 
for  the  disappearance  of  the  sodium  injected  with  the  phosphorus.  It 
could  not  have  been  excreted  during  the  injection,  for  the  author  (27)  has 
shown  that,  during  this  period,  the  excretion  of  sodium  is  less  than  the 
amount  equivalent  to  the  phosphorus  excreted.  Possibly  the  sodium  was 
excreted  in  the  hour  between  the  close  of  the  injection  of  the  phosphate  and 
the  drawing  of  the  blood. 

Tisdall 's  results  for  the  sodium  in  the  serum  do  not  agree  with  those 
obtained  by  the  author  (27)  for  sodium  in  plasma  after  injections  of  sodium 
phosphate.  In  discussing  those  experiments,  the  author  presented  the 
hypothesis  of  "sodium  poisoning,"  a  disturbance,  due  to  excess  of  sodium, 
of  the  normal  relations  between  sodium  and  other  ions,  to  explain  the  tetany 
and  convulsions  observed  after  injection  of  sodium  phosphate,  sulfate,  or 
chloride  and,  in  a  later  communication,*  the  hypothesis  was  extended  to 
offer  an  explanation  of  the  tetany  observed  after  injection  of  sodium  bicar- 
bonate or  after  hyperpnca,  gastric  lavage,  or  persistent  vomiting.  Tisdall 
completely  neglects  to  mention  either  of  these  papers. 

»  Tisdall,  F.  F.,  J.  Biol.  Chem.,  1922,  liv,  35. 

*  Greenwald,  1.,  Proc.  Soc.  Exp.  Biol,  and  Med.,  1920-21,  xviii,  228. 
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INTRODUCTION. 

In  a  recent  review,  Van  Slyke  (1921)  had  ably  summarized  the 
role  of  the  various  blood  buffers  in  the  carrying  of  carbon  dioxide. 
However,  his  summary  may  be  looked  upon  only  as  a  first  approxi- 
mation because  the  data  upon  which  his  calculations  are  based 
are  taken  from  a  variety  of  sources.    For  instance,  he  has  made 
use  of  the  old  determinations  of  Abderhalden  of  phosphate  in 
ox  blood  for  the  calculation  of  the  buffer  value  of  the  phosphate  of 
human  blood.     Furthermore,  since  there  were  no  suitable  data  it 
has  been  necessary  to  assume  a  normal  hemoglobin  content  for 
the  two  samples  of  human  blood  discussed.     Likewise  the  data 
of  Campbell  and  Poulton  (1920-21)  from  which  Van  Slyke  has 
calculated  the  buffer  value  of  hemoglobin  do  not  appear  to  be 
TOry  accurate.     Some  of  their  points  fall  on  either  side  of  the 
curve  by  a  few  volumes  per  cent.     It  is  not  surprising  then  that 
we  find  in  Van  Slyke's  paper  (p.  161)  the  following  statement: 
...    it  must  be  confessed  that  the  data  could  hardly  be 
less  satisfactory  for  estimating  the  relative  parts  that  the  buffers 
Pky  in  the  total  buffer  effect  of  the  blood." 

In  view  of  the  importance  of  the  subject,  we  have  collected  the 
data  necessary  for  a  recalculation  of  the  degree  of  participation  of 
the  various  buffers  in  the  transport  of  carbon  dioxide.  This 
work  has  involved  a  study  of  the  effect  of  oxygen  unsaturation, 
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determinations  of  the  carbon  dioxide  dissociation  curves  of  oxy- 
genated and  reduced  blood,  of  separated  sera  and  of  dialyzed  hemo- 
globin to  which  bicarbonate  had  been  added  and  inorganic  phos- 
phate analyses  of  the  blood  and  serum.  The  buffer  systems 
studied  are  identical  with  those  discussed  by  Van  Slyke  but  in 
one  case  our  entire  data  were  obtained  from  a  single  sample  of 
blood. 

PROCEDURE. 

The  carbon  dioxide  and  oxygen  analyses  were  made  by  the 
technique  described  by  Van  Slyke  and  Stadie  (1921)  and  the  phos- 
phate analyses  by  the  method  of  Bell  and  Doisy  as  modified  by 
Briggs  (1922).  The  gas  mixtures  were  analyzed  with  a  Hender- 
son burette.  Four  persons  trained  in  blood  gas  investigation 
carried  out  the  various  analyses. 

The  blood  which  was  drawn  from  the  cubital  vein  was  defibrin- 
ated  by  shaking  with  glass  beads  in  some  of  our  experiments,  and 
oxaJated  in  others.  In  case  a  venous  sample  was  desired  it  was 
taken  with  the  usual  precautions  over  oxalate  after  the  blood  had 
been  flowing  from  the  needle  for  a  few  seconds.  In  our  three 
experiments  discussed  in  detail  in  this  paper  it  was  found  neces- 
sary to  use  a  little  stasis  near  the  end  of  collection  to  secure  a 
sufficient  quantity  of  blood.  The  blood  in  all  of  these  three  ex- 
periments was  defibrinated. 

Three  samples  of  the  blood  were  simultaneously  equilibrated 
at  38°  with  air  or  oxygen  containing  20,  40,  or  60  mm.  of  pressure 
of  carbon  dioxide  and  three  others  with  hydrogen  containing  ap- 
proximately the  same  tensions  of  carbon  dioxide.  Upon  comple- 
tion of  the  equilibration,  the  blood  was  transferred  under  oil  to 
a  small  tube  without  having  come  in  contact  with  any  other  gas. 
Analyses  of  C02  and  O2  in  the  blood  and  gas  mixture  were  im- 
mediately carried  out.  The  data  so  obtained  were  utilized  to 
plot  the  curves  of  reduced  and  oxygenated  blood  of  the  three  sub- 
jects whose  bloods  were  studied. 

During  the  equilibration  of  the  blood  another  sample  of  blood 
was  centrifuged  to  obtain  separated  serum  which  was  transferred 
to  a  paraffined  tube  and  kept  at  1°C.  until  the  following  day. 
The  carbon  dioxide  absorption  curve  of  this  serum  was  determined. 
The  data,  so  obtained  on  the  separated  serum,  were  plotted  using 
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the  «ombined  COs  on  the  abscissa  and  pH  on  the  ordinate.  The 
curves  (Curves  3, 4,  and  5)  are  given  in  Fig.  1.  From  such  a  chart 
it  is  easy  to  interpolate  the  change  in  combined  CO»  for  a  given 
change  of  pH.     The  curves  demonstrate  rather  clearly  the  poor 
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.     **ig.  1,  Curve  1,  hemoglobin  solution  from  blood  of  W.  H.  C;  Curve  2, 

f  ,"**iOR]obin  solution  from  blood  of  J.  M.;  Curve  3,  separated  serum  of  J,  M.; 

''pve  4,  separated  serum  of  E.  A.  D.;  Curve  5,  separated  serum  of  W.  H.  C. 

.     The  combined  COi  is  plotted  against  the  pH  calculated  from  the  Haseel- 

"*alch  formula.  The  work  of  Campbell  and  Poulton  indicates  that  auch  a 
Calculation  is  permissible  for  oxyhemoglobin  solutions   when   the   pH   is 

**iOre  alkaline  than  the  isoelectric  point. 

nufTer  value  of  the  self-possessed  serum  buffers.  It  is  obvious 
that  a  comparatively  large  decrease  of  pH  would  be  necessary  for 
a  separated  serum  to  give  up  alkali  sufficient  to  bind  2  or  3  cc. 
of  C02  which  is  the  amount  carried  in  the  blood  (E.A.D.)  showing 
least  difference  between  arterial  and  venous  states.     The  shape 
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and  slope  of  the  curves  of  the  separated  sera  of  the  blood  of  E.  A.D. 
and  W.H.C:  show  a  very  pleasing  agreement.  The  curve  of  J.M. 
differs  appreciably  from  these  but  whether  this  is  a  real  difference 
or  an  error  in  the  technique  we  are  unable  to  state. 

The  cells  which  were  obtained  by  centrifuging  a  sample  of  blood 
were  washed  four  times  with  isotonic  salt  solutions,  laked  with 
distilled  water,  and  dialyzed  at  1°C.  under  toluene  against  many 
changes  of  distilled  water  and  then  against  water  containing  suffi- 
cient carbon  dioxide  to  give  a  pH  of  4.  After  several  days,  analyses 
of  the  hemoglobin  solution  showed  the  presence  of  only  a  trace  of 
inorganic  anions  and  cations.  The  solution  was  then  centrif  uged 
at  high  speed  and  the  clear  supernatant  liquid  taken  off  with  a 
pipette  from  the  thick  viscous  sediment.1  Sodium  bicarbonate" 
was  added  in  sufficient  quantity  to  give  a  concentration  of  ap- 
proximately 0.03  m.  This  solution  was  equilibrated  with  various 
carbon  dioxide-air  mixtures  and  then  analyzed  for  CO2.  From  the 
data  so  obtained  curves  were  plotted  with  the  combined  carbon 
dioxide  on  the  abscissa  and  .the  calculated  pH  on  the  ordinate. 
The  main  point  of  uncertainty  in  this  work  was  the  calculation  of 
pH  because  of  lack  of  sufficient  reliable  data  on  the  solubility 
coefficient  of  CO2  in  hemoglobin  solutions.  In  a  single  case 
Bohr  (1909)  has  given  0.522  as  the  solubility  coefficient  of  an 
11  per  cent  solution  of  hemoglobin  and  fronj  this  and  the  strength 
of  our  solutions,  we  have  calculated  the  coefficient  used. 

The  hemoglobin  concentration  was  determined  gasometrically 
and  colorimetrically  (Palmer,  1918).  Data  on  the  hemoglobin 
prepared  from  the  blood  of  E.A.D.  were  discarded  because  of 
lack  of  agreement  in  the  results  of  these  two  methods.  It  is 
probable  that  some  methemoglobin  was  present  although  it  was 
not  positively  identified  spectroscopically. 

* 

1  Centrif ugation  actually  stratified  the  solution  into  three  layers;  a  thin 
upper  layer  which  was  creain-colored  and  resembled  butter  in  its  consist- 
ency ;  a  lower  layer  which  was  composed  of  solid  particles  which  were  insolu- 
ble in  water  and  dilute  alkali;  and  an  intermediate  portion  which  was  a 
clear  deep  red  solution.  The  last  named  fraction  was  separated  from  the 
other  two  and  used  for  our  work.  It  represents  neither  completely 
purified  hemoglobin  nor  dialyzed  cell  contents,  but  we  feel  that  it  ap- 
proached the  former  pretty  closely.  It  is  possible  and  indeed  probable 
that  some  of  the  substances  of  the  two  strata  which  were  not  used  possess 
buffer  value.  In  keeping  with  this  idea  is  our  failure  to  account  for  the^ 
entire  100  per  cent  of  the  CO*  which  was  carried. 
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The  amount  of  hemoglobin  in  the  solution  prepared  from  blood 
of  W.H.C.  was  found  to  be  equivalent  to  18.0  cc.  and  that  from 
J.M.,  14.0  cc.  of  O2  per  100  cc.      We  have  taken  as  the  C02  solu- 
bility coefficient  for  the  former  0.515  and  for  the  latter  0.524. 
These  values  are  probably  slightly  incorrect,  but  we  do  not  see 
how  this  can  introduce  any  serious  error  in  our  deductions. 

Study  of  Curves  1  and  2  of  Fig.  1  shows  a  decided  difference  in 
the  capacity  of  the  two  solutions  to  furnish  base  for  combination 
^tith  carbonic  acid.  This  is  to  be  expected  on  the  ground  of  the 
difference  in  concentration  of  hemoglobin.  However,  if  we  take, 
for  example,  a  range  of  pH  from  7.30  to  7.20  and  correct  the 
values  to  the  same  concentration  of  hemoglobin  we  get  the  re-% 
suits  given  in  Table  I. 

table  1. 
Buffer  Value  of  Hemoglobin. 


Volumes  per  cent  combined  COt. 

CoTTfc'No. 

At  pH  7.30. 

At  pH  7.20. 

Difference. 

Corrected  to  Hb 

equivalent  to  18 

volumes  per 

cent  Oi. 

1 

2 

26.3 
36.8 

30.3 

39.5 

4.0 
2.7 

4.00 
3.47 

We  can  see  no  valid  reason  for  this  discrepancy  (4.0  and  3.47 
volumes  per  cent  CO2)  but  it  may  be  pointed  out  that  the  solutions 
may  have  differed  in  their  degree  of  purity.  We  are  inclined  to 
believe  that  since  we  were  measuring  larger  differences  in  carbon 
dioxide  concentrations,  that  the  data  from  which  Curve  1  are 
constructed  are  jbhe  more  reliable.  This  curve  was  used  in  the 
calculations  of  the  buffer  value  of  the  hemoglobin  of  W.H.C. 
^d  of  E.A.D. ;  the  other  for  the  blood  of  J.M. 

Our  data,  then,  include  the  carbon  dioxide  absorption  curves 

°*  oxygenated  blood  or  reduced  blood,  of  separated  serum,  of  a 

*terjaoglobin-bicarbonate  solution,  and  of  phosphate  analyses  of 

*°od  and  serum  upon  a  single  sample  of  blood  (J.M.).     In  the 

J^s  of  W.H.C,  we  have  used  data  obtained  from  a  study  of  two 

***$erent  samples  of  his  blood.     For  E.A.D.  all  of  the  data  except 

^**t  of  the  dialyzed  hemoglobin  were  obtained  upon  a  single 

^^ple  of  his  blood. 


310  Buffers  of  the  Blood 

In  addition  to  the  data  enumerated,  we  have  determined  the 
O2  and  CO2  content  of  one  or  more  samples  of  venous  blood  from 
each  of  these  subjects.  This  permits  us  to  deal  with  the  probable 
arterial  to  venous  change  in  the  body. 

Relation  of  Oxygen  Unsaturation  to  Increased  Capacity  to  Bind 

Carbon  Dioxide. 

Ordinate  Correction  (Peters,  Barr,  and  Rule,  1921). — Our  first 
task  was  an  attempt  to  establish  a  little  more  accurately  the  effect 
of  oxygen  unsaturation  on  the  capacity  of  the  blood  to  bind 
carbon  dioxide.  As  is  already  well  known,  Christiansen,  Douglas, 
•and  Haldane  (1914)  were  the  first  to  demonstrate  clearly  that  the 
blood  in  which  the  hemoglobin  has  been  reduced  binds  more  CO* 
at  any  CO2  tension  than  when  the  hemoglobin  is  present  in  the 
oxygenated  form.  Since  their  paper,  both  Parsons  (1917)  and 
Joffe  and  Poulton  (1920-21)  have  published  work  on  oxygenated 
and  reduced  blood.  The  quantitative  relationship  between  the 
increment  of  C02  and  the  degree  of  oxygen  unsaturation  has 
been  discussed2  by  L.  J.  Henderson  (1921).  None  of  the  earlier 
workers  appear  to  have  appreciated  the  importance  of  the  quanti- 
tative relationship  and  have  not  given  sufficient  data  on  Oj  de- 
termination to  permit  of  their  results  being  utilized  with  certainty. 

Peters,  Barr,  and  Rule  (1921)  in  attempting  an  analysis  of  this 
relationship  have  calculated  an  empirical  factor  to  correct  venous 
points  for  oxygen  unsaturation,  but  in  so  doing  have  been  forced 
to  assume  that  the  hemoglobin  content  of  Haldane's  and  of  Joffe's 
blood  did  not  vary  from  day  to  day.  By  obtaining  complete 
data  on  several  single  samples  of  blood,  we  have  attempted  to 
make  good  this  deficiency.  Most  of  the  experiments  were  carried 
out  on  oxalated  blood,  but  some  were  on  defibrinated  bloo<J.  Con- 
trary to  the  findings  of  Haggard  and  Henderson  (1920-21)  and 
in  agreement  with  Peters,  Barr,  and  Rule  (1921),  we  find  that  the 
effect  of  oxygen  unsaturation  is  quantitatively  the  same  in  de- 
fibrinated and  oxalated  blood.  This  result  was  first  obtained 
on  dog  blood  and  later  substantiated  in  our  work  on  human 
blood.  Results  on  two  specimens  of  blood  from  J.M.  are  given 
in  Table  II. 

1  L.  J.  Henderson  has  very  clearly  stated  this  situation  and  called  atten- 
tion to  the  equilibrium  existing  between  the  oxygen  of  the  blood  and  the* 
carbon  dioxide  of  its  plasma. 
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We  have  taken  the  liberty  of  applying  the  term  ordinate 
correction  to  the  type  of  correction  for  oxygen  unsaturation  that 
Peters,  Barr,  and  Rule  have  introduced.  This  terminology  is 
used  because  the  numerical  value  is  obtained  by  dividing  the 
difference  in  the  ordinates  (volumes  per  cent  CO2)  of  the  curves  of 
reduced  and  oxygenated  blood  by  the  oxygen  unsaturation  of 
the  hemoglobin  of  the  reduced  blood. 

The  agreement  is  not  exact,  but  we  think  that  it  is  as  good  as 
could  be  expected  due  to  the  nature  of  the  work. 

It  will  be  noted  that  our  values  for  the  correction  of  oxygen  un- 
saturation arc  appreciably  lower  than  those  given  by  Peters,  Barr, 
and  Rule  (0.34).  In  Table  III,  we  have  tabulated  the  data  from 
all  our  experiments  on  human  blood  in  which  the  equilibration 
occurred  at  carbon  dioxide  tensions  which  might  exist  in  the  body. 
We  have  calculated  the  mean  value  for  the  ordinate  correction 
and  found  it  to  be  0.27. 

TABLE  11. 
Effect  of  Oxygen  Unsaturation  on  Oxalated  and  Defibrinated  Blood. 


Oxalated  blood. 

Defibrinated  blood. 

pH  of  reduced  samples 

7.35 
0.25 
0.42 

7.17 
0.24 
0.45 

7.36 
0.28 
0.47 

7.21 

Ordinate  correction 

0.27 

Isohydric  ratio 

0.45 

Feeling  rather  confident  that  we  could  not  have  made  so  gross 
an  error  as  indicated  by  the  difference  between  the  ratios  0.27 
and  0.34,  we  attempted  to  analyze  the  data  from  which  the  curves 
of  Joffe  and  of  Haldane  were  constructed.  We  found  that  the 
carbon  dioxide  absorption  curves  were  drawn  from  points  deter- 
mined upon  a  number  of  different  days.  In  a  few  cases  sufficient 
data  obtained  on  a  single  day  were  presented  which  permitted  us 
to  calculate  the  difference  in  ordinates  between  an  oxygenated 
and  reduced  point.  Of  course,  we  are  making  the  possibly  un- 
justified assumption  that  the  blood  remained  unaltered  during 
the  period  of  observation  each  day.  The  values  obtained  from 
these  calculations  are  given  in  Table  IV. 

While  the  values  so  obtained  are  rather  variable,  it  is  obvious 
that  our  treatment  of  Haldane's  data  lends  some  support  to  the 
mean  value  obtained  by  us  on  the  study  of  several  samples  of 


312 


Buffers  of  the  Blood 


blood.  Parsons'  data  are  more  or  less  neutral  while  Joffe's  6s 
seem  to  support  the  value  given  by  Peters,  Bair,  and  Rule.  Ha 
ever,  we  have  given  reasons  for  thinking  that  the  denominator 

the  fraction  -77-  is  too  small  in  this  case  which,  if  true,  would  : 

duce  the  values  to  a  lower  level. 

table  in. 

Ordinate  Correction  for  Oxygen  Unsaturation. 


Subject. 
(1) 

COi 

tension  of 
reduced  samples. 

(2) 

COt 

difference  between 

reduced  point 

and  oxygenated 

curve. 

(3)       • 

Oi 
difference  in 

chemically  com- 
bined between 
reduced  and 

oxygenated  blood. 

(4) 

CO. 

Oi 
Values  of  Cole 
3  divided  b; 
values  of  Colurc 

t5) 

mm. 

vol.  per  cent  . 

vol.  percent 

J.  M.  K. 

33.7 

5.0 

18.0 

0.28 

60.3 

1.6 

13.0 

0.12* 

M.D. 

37.0 

4.7 

17.7 

0.25 

61.3 

5.4 

17.4 

0.29 

G.  D. 

32.0 

5.2 

18.4 

0.28 

63.8 

3.6 

18.6 

0.20 

J.M. 

37.5 

4.7 

18.8 

0.25 

68.4 

4.5 

18.7 

0.24 

M.  H. 

70.5 

5.0 

16. 5f 

0.30 

M. 

34.7 

4.4 

16.0 

0.28 

E.  A.  D. 

46.3 

4.3 

15.5 

0.28 

W.  H.C. 

42.5 

4.3 

14.5 

0.30 

83.3 

3.8   • 

14.8 

0.26 

J.M. 

37.7 

4.7 

17.4 

0.27 

61.7 

4.5 

16.5 

0.27 

E.  A.  D. 

37.5 

5.2 

18.3t 

0.28 

71.6 

5.4 

18. 3t 

0.29 

W.  H.  C. 

35.2 

4.4 

15.5t 

0.28 

63.8 

4.5 

15. 5f 

0.29 

Mean  of  fi 

rst  12  results 

0.268 

"      "  la 

ist  6  results 

0.283 

a      a  u 

$  results 

0.272 

« 

*  Omitted  in  taking  the  mean. 

f  O2  content  of  reduced  blood  calculated  from  Hill's  equation. 

In  the  lower  section  of  Table  III,  we  have  tabulated  our  rest 
on  the  three  samples  of  blood  which  are  to  be  discussed  in  de^ 
later.  It  is  evident  that  the  agreement  with  our  mean  value* 
very  good  in  the  blood  of  J.M.  but  not  so  pleasing  in  the  otJ 
two  samples.    We  consider  it  more  justifiable  to  use  the  m* 


TABLE  IV. 

Ordinate  Correction:  Data  from  Blood  of  Haldane,  Parsons ,  and  Joffe. 


Subject. 

(1) 

COt 

tension  of 

reduced  samples. 

(2) 

COt 

difference  between 

reduced  point 

and  oxygenated 

curve. 

(3) 

Ot 
difference  in 
chemically  com- 
bined between 
reduced  and 
oxygenated  blood. 

(4) 

COt 

O. 
Values  of  Column 

3  divided  by 
values  of  Column  4. 

(5) 

tntn. 

vol.  per  cent 

vol.  per  cent 

Haldane. 

78.7 

9.0 

18.0 

0.50 

37.9 

4.9 

18.0 

0.27 

58.2 

4.9 

18.0 

0.27 

74.2 

5.0 

18.0 

0.28 

34.5 

3.3 

18.0 

0.18 

60.9 

5.4 

18.0 

0.30 

Parsons. 

19.6 

4.3 

18.0 

0.24 

33.4 

6.3 

18.0 

0.35 

37.4 

3.5 

18.0 

0.20 

72.1 

3.4 

18.0 

0.19 

Joffe. 

27.6 

5.3 

16.8 

0.32 

36.8 

6.6 

16.8 

0.39 

50.5 

5.5 

16.8 

0.33 

41.7 

1.6 

16.8 

0.10 

47.0 

5.0 

16.8 

0.30 

55.7 

5.4 

16.8 

0.32 

82.2 

9.2 

16.8 

0.55 

^n  our  consideration  of  the  bloods  of  Haldane,  Parsons,  and  Joffe,  we 
a*e  confronted  with  doubt  as  to  the  value  of  unsaturation  that  should  be 
u*ed.  We  have  assumed  that  the  concentration  of  hemoglobin  on  the  differ- 
ent  experimental  days  was  constant  and  since  no  data  on  this  point  are 
I5iven  in  the  papers  of  Haldane  and  of  Parsons  that  it  was  equivalent  to 
*o.5  volumes  per  cent  of  oxygen  from  which  we  deduce  the  oxygen  unsatu- 
ration to  be  about  18.0  cc.  We  are  more  fortunate  in  the  data  given  on 
^oftVa  blood  in  that  the  oxygen  capacity  is  stated  to  be  18.7  volumes  per 
Ce&t,  but  we  do  not  know  whether  this  value  holds  for  all  experimental  days. 
Assuming  that  it  does  the  oxygen  unsaturation  was  about  16.8  cc. 

^Ve  question  the  application  of  the  oxygen  capacity  value  given  by 
**°flfe  for  two  reasons:  (1)  The  absorption  curve  of  his  oxygenated  blood 
***fcs  a  little  more  rapidly  than  those  of  the  different  samples  of  blood 
^°*ttaining  about  18.0  volumes  per  cent  of  oxygen  that  we  have  studied;  and 
£*)  The  corpuscle  volume  is  generally  roughly  parallel  to  the  amount  of 
^^tnoglobin  present.    We  have  found  that  there  is  more  than  the  normal 

«*>gen  capacity  when  the  corpuscular  volume  exceeds  that  of  the  serum. 

*  be  mean  of  Joffe's  hematocrit  determinations  gives  the  volume  of  corpus- 

*^a  as  51  per  cent.    A  blood  with  corpuscle  volume  of  40  to  45  per  cent 

**^*ierally  has  an  oxygen  capacity  of  18  to  19  cc.  per  100  cc. 

Data  were  taken  from  the  following  papers  in  the  preparation  of  this 
^ble:  Christiansen,  Douglas,  and  Haldane  (1914),  p.  249;    Parsons  (1917), 

**-  448;  Joffe  and  Poulton  (1921-22),  Table  VII,  p.  150. 
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value,  0.27,  to  correct  for  the  effect  of  oxygen  unsatun 
i.e.,  an  average  value  possesses  more  weight  than  the  indh 
determinations. 

Isohydric  Correction  for  Oxygen  Unsaturation. 

When  additional  CO2  is  taken  up  by  blood  without  char 
pH  an  increase  in  oxygen  unsaturation  must  result.  The 
between  the  volume  of  CO2  gained  and  of  O2  lost,  without  cl 
in  pH,  we  have  designated  the  "isohydric  correction  for  o: 
unsaturation."  This  factor  necessarily  cannot  be  a  coe 
because  the  acid  dissociation  constants  of  oxy-  and  reduced  1 
globin  are  slightly  different  but  it  is  approximately  so  ovc 
small  range  of  pH  considered  in  our  paper. 

The  total  CO2  values  of  the  oxygenated  and  reduced  h 
have  been  plotted  against  their  calculated  pH  and  the  isol: 
increase  of  total  CO2  read  from  the  charts.  Oxygen  was  < 
mined  in  the  oxygenated  and  reduced  specimens  and  the 
obtained  in  our  studies  are  given  in  Table  V.  The  mean 
was  found  to  be  0.44  which  means  that  when  1  cc.  of  com 
O2  is  lost  0.44  cc.  of  CO2  must  be  added  to  maintain  th 
without  change.  When  1  cc.  of  O2  is  lost  at  any  normal 
tension  some  base  is  freed  to  combine  with  CO2  which  inci 
the  bicarbonate  and  would  make  the  blood  more  alkaline 
not  the  CO2  tension  increased  to  compensate  this  (Hend< 
1921). 

Evaluation  of  the  Buffers  of  the  Blood. 

As  Van  Slyke  has  pointed  out  in  his  review  of  the  carbon  di 
carriers,  there  are  two  distinct  types  of  buffer  action  in  the  bio 

1 .  That  due  to  the  reduction  of  hemoglobin,  i.e.  when  the  ai 
blood  loses  oxygen  in  its  passage  through  the  capillaries,  a  a 
definite  quantity  of  carbon  dioxide  must  be  taken  up  wi 
increase  in  bicarbonate  and  the  partial  pressure  of  CO2  mi 
raised  to  maintain  the  pH  without  change  and  to  prevent  the 
from  actually  becoming  more  alkaline.  This  may  be  call< 
isohydric  increase  of  carbon  dioxide  and  according  to  the  pi 
theory  it  is  due  entirely  to  hemoglobin  being  a  weaker  acid 
oxyhemoglobin.  "■ 
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2.  That  due  to  still  further  increase  in  the  concentration  of 
H2CO,  which  means  an  increase  in  hydrogen  ion  concentration 
which  naturally  causes  a  readjustment  of  the  various  buffer 
systems  by  which  some  of  the  alkali  of  the  salts  of  the  various 


TABLE  V. 


Isohydric  Absorption  of  Carbon  Dioxide  (Total  CO%)  with  Loss  of  Oxygen, 


Subject. 


J.  AI.K. 

m.  r>. 

E.  A.D. 
J.  M. 

W.  H.  C. 


pH  of  reduced 
samples. 


7.40 
7.20 
7.35 
7.20 
7.39 
7.20 
7.32 
7.35 
7.17 
7.33 
7.12 
7.18 
7.34 


Mean  (12  results) 


Mean  (6  results) 
General  mean .  . 


Isohydric 
difference  of  COi. 


vol.  percent 

8.2 
2.4 
8.0 
7.8 
10.0 
6.7 
6.2 
7.8 
8.3 
6.0 
6.2 
7.2 
6.7 


Ot 

unaaturation  of 
hemoglobin. 


vol.  per  cent 

18.0 
13.0 
17.7 
17.4 
18.4 
18.6 
15.5 
18.8 
18.7 
14.5 
14.8 

16.5t 
16.0 


Isohydric  ratio 

Oi' 

cc. 

0.46 

0.20* 

0.45 

0.45 

0.54 

0.36 

0.40 

0.42 

0.45 

0.41 

0.42 

0.44 

0.41 


0.433 


0.46 
0.51 
0.45 
0.46 
0.48 
0.44 


0.466 
0.444 


Excluded  from  the  average, 
t  Oxygen  content  of  the  reduced  samples  was  calculated  from  Hill's 
Nation. 

We&k  acids  is  combined  with  carbon  dioxide  thereby  increasing  the 
^Ucentration  of  bicarbonate  and  of  the  weak  acids,  including 

^bonic.     In  the  following  systems  the  numerator  is  decreased 

*&d  the  denominator  increased: 
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BHbOi  .   BHb     B  -  protein     BaHPQ4 
HHbO,  '  HHb  '  H  -  protein  ;  BH2P04 

To  illustrate  more  clearly  the  evaluation  of  the  buffers,  we  gn 
the  details  of  the  calculations  of  the  participation  of  each  in  tl 
blood  of  J.M.  when  it  changes  from  the  arterial  to  venous  cond 
tion.  In  this  connection  it  is  necessary  to  say  that  the  venoi 
blood  was  analyzed  but  that  no  analyses  of  arterial  blood  we: 
made.  The  data  of  the  arterial  point  are  based  upon  an  hyp 
thetical  ideal  relationship  to  the  venous  blood. 

Determination  of  Arterial  and  Venous  Points. 

Venous  Point. — The  venous  point  on  the  CO2  dissociation  curi 
must  lie  somewhat  above  the  oxygenated  curve  because  of  tl 
larger  COjreombining  power  at  the  prevailing  CO2  tension  resul 
ing  from  its  oxygen  unsaturation.  Using  our  factor  of  0.' 
volumes  per  cent  of  oxygen  unsaturation,  we  have:  Combine 
O2  of  fully  saturated  blood  (19.4)  — combined  O2  in  venous  bloc 
(11.8)  =  7.6  volumes  per  cent  venous  O2  unsaturation  of  hemogl 
bin.  7.6  X  0.27  =  2.05  volumes  per  cent  CO2  higher  than  ox; 
genated  curve.    (See  Pig.  2.) 

The  observed  total  CO2  of  venous  blood,  53.9  cc.  —  2.05  « 
51.85  cc,  therefore  gives  the  ordinate  (volumes  per  cent  CO 
of  a  point  on  the  oxygenated  curve  having  the  same  CO2  tensic 
(abscissa)  as  venous  blood.  A  line  drawn  from  the  ordinate  51  .i 
cuts  the  oxygenated  curve  at  the  point  corresponding  to  59 
mm.  of  CO2  tension.  The  venous  point,  therefore,  is  located  i 
the  intersection  of  53.9  volumes  per  cent  CO2  and  59.8  mm.  < 

C02. 

Its  pH  is  calculated  by  the  familiar  Hasselbalch  (1917)  equi 
tion  in  the  form  used  by  Van  Slyke  (1921). 

„        rr    .  .       total  CO*  -  0.0672  p 
pH-pK.  +  log ^^ £ 

■fiin  ,  .     53.9-  (0.672X59.8) 
"  61°  +  l0g       0.0672  X  59.8 

=  7.194  venous  pH 

Arterial  Point. — True  arterial  blood  was  not  analyzed,  but  tl 
arterial  point  can  be  calculated  as  follows.    Assuming  the  arterii 
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Fio.  2.  Blood  of  J.  M.  Volumes  per  cent  of  total  COi  are  plotted  against 
Millimeters  of  pressure  of  COi.  Three  points  on  the  oxygenated  and  red- 
uced curves  were  determined  on  the  same  sample  of  blood.  The  reduced 
Point  at  37.7  tensions  of  COi  has  a  greater  oxygen  unsaturation  than 
"**•«  other  two  reduced  points.  Consequently  we  have  drawn  the  curve 
*orough  a  point  at  a  level  which  corrects  for  this  difference  in  unsaturation. 

Wood  to  be  95  per  cent  saturated  with  oxygen  (Van  Plyke  and 
stadie>  1921),  its  oxygen  content  would  be  19.4  X  0.95  =  18.43 
~"~  0.24  cc.  dissolved  oxygen  =  18.67  volumes  per  cent  Os  con-  , 
*ent,»  The  venous  blood  contained  11.9  volumes  per  cent  Os; 
a*id  18.67  -  11.9  =  6.77  cc.  of  Os  were  lost  from  the  blood 
"Uring  its  passage  through  the  capillaries.  Assuming  a  normal 
*asting  respiratory  quotient*  of  0.75,  the  venous  blood  must 
have  taken  up  (6.77  X  0.75)  =  5.08  cc.  of  CO,,  and  the  content 

*  In  our  discussion  of  the  isohydric  absorption  of  COj,  we  have  used  the 
c°tt»bined  O,  as  a  measure  of  the  concentration  of  hemoglobin.  Conse- 
*?Ue*>tly,  in  the  location  of  the  venous  point  it  has  been  necessary  to  correct 

°r  the  volumes  per  cent  of  unsaturation  of  the  hemoglobin.  However,  in 
c»lcu|ating  the  COi  carried  from  the  difference  of  oxygen  content  of  the 
Arterial  and  venous  blood  the  actual  loss  of  oxygen  (i.e.  difference  in  their 
0*VKen  contents)  must  be  considered. 

*  It  is  obvious  that  in  assuming  a  respiratory  quotient  of  this  value  our 
discussion  emphasizes  the  quota  of  CO]  carried  isohydrically.  If  we  had 
Assumed  a  respiratory  quotient  of  1.00  then  the  absolute  amount  of  CO) 


318 


Buffers  of  the  Blood 


of  arterial  blood  was  53.9  -  5.08  =  48.82  cc.  Using  48.82 
volumes  per  cent  total  C02  as  the  ordinate  and  allowing  for  the 
unsaturation  of  the  arterial  blood,  the  arterial  point  is  located  on 
the  chart  and  its  abscissa  (mm.  of  tension)  found  to  be  50.0  mm. 
of  CO2.  The  figures  for  the  arterial  and  venous  blood  of  J.M.  are 
given  in  Table  VI. 

TABLE  vi. 
Arterial  and  Venous  Blood  of  J.  M. 

Arterial. 


Total  CO2,  vol.  per  cent 

COi  tension,  mm 

pH 


48.82 
50.0 
7.231 


Buffer  Effect  of  Loss  of  Oxygen  from  Arterial  Blood:  Type  1. 

Our  consideration  of  the  first  type  of  buffer  reaction  (p.  320) 
has  led  us  to  adopt  0.44  as  the  isohydric  increase  of  C02  for  every 
volume  per  cent  of  O2  unsaturation  of  the  blood.  The  difference 
in  the  oxygen  unsaturation  of  the  hemoglobin  in  the  arterial  and 
venous  blood  of  J.M.  is  18.43  -  11.80  =  6.63  cc. 

6.63  X  0.44  =  2.92  cc.  of  C03  absorbed  without  change  of  pH 

Starting  with  48.82  cc.  as  the  arterial  total  CO2,  we  add  to  it 
2.92  cc.  of  total  CO2  which  were  taken  up  isohydrically  by  the 
loss  of  6.63  cc.  of  O2  from  the  hemoglobin.  From  this  value  and 
the  arterial  pH,  we  can  calculate  the  dissolved  CO2  added  in 
volumes  per  cent. 

n  not  rr    l  1      51 .74- 0.0672  p 

7.231  -  pKl  +  log        0M2p     ? 

(13.52  X  0.0672  p)  +  0.0672  p  =  51.74 

0.9085  p  +  0.0672  p  -  0.9757  p  -  51.74 

p  =  53.03  mm. 

carried  by  a  given  reduction  of  hemoglobin  would  remain  the  same  (isohy- 
dric constant,  0.44)  but  the  absolute  amounts  carried  by  the  buffers  coming 
into  play  with  a  change  of  pH  would  be  greater  and  there  would  necessarily 
be  a  larger  difference  in  the  pH  of  the  arterial  and  venous  blood. 

As  a  nearly  related  fact,  it  is  necessary  to  point  out  the  theoretical 
dependence  of  the  difference  of  pH  between  the  arterial  and  venous  condi- 
tions upon  the  quantity  of  oxygen  lost  in  the  capillaries  and  the  respira- 
tory quotient.  If  more  oxygen  is  lost  then  the  change  of  pH  is  greater  (see 
Table  VII). 
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But  the  venous  tension  was  59.8  mm.,  so  59.8  —  53.0  »  6.8 
mm.  of  CO2  increase  in  tension  to  change  pH  from  7.231  to  7.194 
and  53.0  —  50.0  =  3.0  mm.  to  maintain  arterial  pH  in  the  venous 
blood  for  the  amount  of  oxygen  lost.  3.0  X  0.672  =  0.20  cc. 
of  CO2  physically  dissolved.  The  combined  C02  then  is  2.92 
—  0.20  =  2.72  cc.  carried  isohydrically  by  loss  of  6.63  cc.  of 
O2  from  the  hemoglobin. 

Buffer  Reactions  of  Type  2  {Change  in  pH). 

Hemoglobin. — Proceeding  to  a  study  of  the  r61e  of  the  other 
buffers,  reference  to  the  chart  of  the  hemoglobin  prepared  from 
J.M.'s  blood  shows  that  between  the  range  of  pH  7.25  to  7.15,  a 
difference  of  0.10,  the  hemoglobin  gave  up  alkali  sufficient  to 
bind  2.7  cc.  of  CO2.  But  the  change  from  arterial  to  venous  was 
only  pH  7.231  to  7.194,  or  0.037. 

0.037 
2.7  X  — -  =  0.909  cc.  of  CO,  bound  by  this  change  of  pH 

The  prepared  solution  had  a  hemoglobin  content  equivalent 
to  14.0  volumes  per  cent  of  02  and  the  blood  of  J.M.  a  hemoglobin 
content  of  19.4  volumes  per  cent  of  O2. 

19.4 
0.999  X  ttj.  =  1.384  cc.  of  C02  by  the  same  change  of  pH  in 

the  concentration  existing  in  the  blood  of  J.M.  This  involves 
the  assumption  that  reduced  hemoglobin  has  the  same  buffer 
^ralue  as  oxyhemoglobin  in  this  range  of  pH.  From  some  of  our 
"work  on  dog  hemoglobin  we  believe  that  this  is  approximately 
true  and  that  this  cannot  introduce  any  appreciable  error. 

Separated  Serum  Buffers. — Referring  to  the  separated  serum 
chart,  we  can  read  off  directly  the  quantity  of  combined  CO2 
carried  by  a  change  of  pH  from  7.25  to  7.15.  It  is  found  that 
0.70  cc.  of  CO2  is  bound  by  base  yielded  by  separated  serum  buffers 
in  changing  from  pH  7.25  to  7.15  and  from  this  it  is  calculated 
that  0.259  cc.  is  yielded  in  changing  from  pH  7.231  to  pH  7.194. 
Since  this  is  the  quantity  yielded  per  100  cc.  of  serum  and  there 
are  only  55  cc.  of  serum  per  100  cc.  of  blood,  this  value  must  be 
corrected  as  follows: 
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0.259  X  0.55  =  0.142  cc.  of  CO*  carried  by  all  buffers  of  separated  serum 
per  100  cc.  of  blood. 

Phosphates. — Analyses  showed  the  concentration  of  inorganic 
phosphate  to  be  0.00073  m,  from  which  we  derived  the  quantity 
of  base  given  up  by  B2HPO4  in  changing  the  pH  of  this  system  from 
7.231  to  7.194  (see  Van  Slyke  (1921),  p.  149). 

„       xr    ,  !     Na,HPQ4 
PH  -  pKl  +  log  wm^i 

7.231  =  6.8  +  log  °-00073  -  X        7.194  =  6.8  +  log  ******  '  * 

x  x 

A  „01       ,      0.00073  -  x                  .  on.       .      0.00073  -  x 
0.431  —  log 0.394  =  log 

x  x 

2.698  x  -  °-00073  "~  X  2.477  *  =  0.00073  -  x 

x 

x  =  0.000197  M  x  =  0.000210  m 

0.000210  -  0.000197  =  0.000013  m  base  from  B2HP04 

0.000013  X  2,240  =  0.029  cc.  of  C02  carried  by  base  from  inorganic  phos- 
phate buffer  system  of  whole  blood. 

According  to  a  recent  paper  by  Zucker  and  Gutman  (1922) 
the  concentration  of  phosphate  of  serum  and  of  whole  blood  in 
fresh  specimens  is  identical.  Relying  upon  this  observation  with 
which  some  of  our  work  coincides,  we  have  made  a  correction 
of  the  phosphate  buffer  value  of  serum  in  order  to  avoid  a 
duplication. 

55  per  cent  of  the  blood  of  J.  M.  was  serum  and  therefore  pos- 
sessed 55  per  cent  of  the  buffer  value  of  the  inorganic  phosphate 
which  must  be  subtracted  from  the  total. 

0.029  X  0.55  =  0.016  cc.  of  COs  carried  by  base  yielded  by  phosphate  of 
serum  and  therefore  taken  into  account  in  the  buffers  of  separated  serum. 

0.029  —  0.016  =  0.013  cc.  of  CO2  carried  by  the  inorganic  phosphate  of  the 
ceils. 

Physically  Dissolved  Carbon  Dioxide. — We  have  now  accounted 
for  all  of  the  bound  carbon  dioxide  due  to  our  different  known 
buffer  systems.  There  remains  then  only  the  physically  dis- 
solved fraction.  The  total  increase  is  merely  the  difference  of 
arterial  and  venous  C02  tensions  multiplied  by  the  solubility 
coefficient  of  C02  in  blood. 
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9.8  X  0.0672  =  0.658  cc.  carried  as  physically  dissolved. 

The  cJata  of  this  blqod  and  of  the  other  two  studied  are  tabulated 
in  Tat>l€  VTI,  and  in  Table  VIII  we  have  collected  the  calculated 
amouivt-s  of  C02  carried  by  the  various  buffer  systems. 


TABLE  VII. 


Data  on  Arterial  and  Venous  Blood  of  Subjects  Studied. 


Total  Oa  content,  arterial  blood,  vol.  per  cent 

"      €<       "         venous      "         "      "    "    

Difference 

Oxygen  capacity  of  hemoglobin,  vol.  per  cent 

Chemically  combined  Os,  arterial  blood,  vol.  per  cent.. 

u  u  it       venouB       «  a       a       a   mm 

Difference 

Total  COj,  arterial  blood,  vol.  per  cent 

l<      "      venous       "         "      "     "  

Difference 

Dissolved  COs,  arterial  blood,  vol.  per  cent 

"      venous     "  "     "      "     

BHCOj,  arterial  blood,  vol.  per  cent 

"       venous        "       "     "      "   .  . 

C02  tension,  arterial  blood,  mm 

"       venous      "  "    

difference 

PH»  arterial  blood 

venous       "    

Difference 

*°tal  cos,  igohydric  absorption,  vol.  per  cent 

fl»COj  «  «  "      "      " 

BHCq.  "  "  "      "      " 


E.A.D. 


18.10 

15.00 

3.10 

18.80 

17.36 

14.87 

2.99 

46.58 

48.90 

2.32 

3.10 
3.35 
43.48 
45.55 
46.2 
49.9 
3.7 

7.246 
7.233 
0.013 


W.H.C 


15.44 
9.80 
5.64 

16.0 
15.20 
9.70 
5.50 

50.27 

54.50 

4.23 

3.25 
3.76 
47.02 
50.74 
48.4 
56.0 
7.6 

7.260 
7.230 
0.030 


1.320   2.42 


0.087 
1.233 


0.158 
2.262 


J.M. 

18.67 

11.90 

6.77 

19.40 

18.43 

11.80 

6.6a 

4\82- 

53.90- 

5.08- 

3.36- 
4.0* 
45.46- 
49.88- 
50.0 
59.8 
9.8. 

7.231 
7.194 
0.037 

2.92 
0.20 
2.72' 
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TABLE  VIII. 
Carbon  Dioxide  Carried  by  Buffer  Systems  Studied. 


Total  COs  carried  for  R.  Q.  of  0.75. . 
BHCOj  carried  isohydrically 

BHbO,— HHb 

BHCOa  carried  by  change  of  pH. 

By  hemoglobin :  BHbOj->HHb02 

BHb  —  HHb 

By  B,HP04  in  cells 

By  separated  serum 

«COi  physically  dissolved 

Sum,  per  cent  of  total 

Per  cent  of  total  COi  carried  by 
hemoglobin 


E.A.D. 


vol. 
per 
cent 

2.32 


1.233 


0.439 
0.010 
0.089 
0.249 


2.020 


per 

cent 

of  total 


53.1 


18.9 
0.43 
3.84 

10.7 


87.0 


72.0 


W.H.C. 


vol. 
per 
cent 

4.23 


2.262 


1.070 
0.012 
0.198 
0.511 


4.053 


percent 
vf  total 


53.5 


25.3 
0.3 
4.7 

12.1 


96.0 


78.8 


J.M. 


vol. 
percent 

5.08 


2.72 


1.384 
0.013 
0.142 
0.657 


4.196 


percent 
of  total 


53.5 


27.2 
0.25 
2.8 

12.9 


97.0 


80.7 


DISCUSSION  OF  RESULTS. 

From  our  data,  we  have  calculated  the  relative  amount  of 
alkali  furnished  by  each  of  the  various  known  blood  buffers  for 
binding  carbon  dioxide  under  a  normal  arterial  to  venous  change 
of  state.  The  percentage  of  increment  of  total  carbon  dioxide 
accounted  for  in  the  three  samples  studied  varies  from  87  to  97. 
With  regard  to  the  experiment  in  which  only  87  per  cent  was 
accounted  for,  it  may  be  stated  that  the  discrepancy  apparently 
lies  in  that  the  calculated  pH  change  is  too  small.  By  the  manner 
in  which  we  determine  the  isohydric  quota  of  C02  it  is  to  be  ex- 
pected that  these  results  for  the  three  samples  of  blood  would 
agree.  However,  the  C02  carried  by  the  change  in  reaction  of 
this  blood  is  10  per  cent  less  than  that  of  the  other  two.  This 
may  mean  an  error  in  our  pH  calculation  which  is  possibly  due 
to  a  mistake  in  the  data  or  in  construction  of  the  oxygenated 
carbon  dioxide  absorption  curve.    It  might  also  be  referred  to  a 

CO 
lack  of  constancy  of  the  isohydric  -pr-  ratio  over  the  range  studied; 

O2 

reference  to  Table  V  shows  that  this  blood  gave  a  ratio  appreciably 
higher  than  the  other  two  and  the  average  figure  used  in  our 
calculations.     This  latter  possibility  must  be  strongly  discounted 
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if  our  present  idea  of  the  effect  of  reduction  is  to  remain  unmodi- 
fied. In  this  connection  it  may  be  noted  that  the  isohydric  ratios 
found  with  oxygenated  and  reduced  dialyzed  hemoglobin  are 
generally  considerably  lower  than  those  obtained  for  blood.  We 
hope  to  be  able  to  elucidate  this  point  at  a  later  date. 

The  arterial  to  venous  pH  change  requires  some  comment. 
Both  Hasselbalch  and  Parsons  consider  this  change  to  be  about 
0.02.  Parsons  in  particular  has  based  this  estimate  on  the  loss 
of  6.0  cc.  of  02  and  the  taking  up  of  sufficient  CO2  to  give  a  normal 
respiratory  quotient.  As  we  have  studied  his  paper  it  appears 
to  us  that  his  data  are  not  adequate  to  make  this  approximation 
conclusive.  The  results  from  which  his  curves  are  constructed 
are  quite  scattered,  which  may  be  due  to  his  utilization  of  data, 
obtained  on  blood  on  different  experimental  days,  and  we  have 
not  been  able  to  use  them  in  our  study. 

Still  more  recently  Peters,  Barr,  and  Rule  have  studied  the  differ- 
ence of  arterial  and  venous  pH  of  normal  men  and  have  found  it 
to  be  less  than  0.02.  While  we  appreciate  the  great  technical 
difficulties5  in  work  of  such  a  nature,  we  must  call  attention  to 
two  points  both  of  which  would  cause  a  greater  change  of  pH 
than  that  calculated  by  these  investigators. 

1.  The  factor  (0.34)  used  by  them  to  correct  for  oxygen  un- 
saturation  based  on  data  on  the  blood  of  Haldane  and  of  Joffe 
is  appreciably  greater  than  that  found  by  us  (0.27)  in  our  work. 
TTiis  would  give  a  greater  quota  of  carbon  dioxide  taken  up  iso- 
hydrically  due  to  the  oxygen  unsaturation  and  lessen  the  differ- 
ence in  C02  tension  between  the  arterial  and  venous  blood. 

2.  In  most  of  their  experiments  and  in  all  of  the  normal  cases 
studied  low  blood  respiratory  quotients  were  found.  This  means 
that  in  the  utilization  of  their  data,  they  have  corrected  for 
a  greater  degree  of  oxygen  unsaturation  with  respect  to  CO* 
carried  than  could  probably  exist  physiologically  for  any  length  of 
time,  and  have  thereby  found  changes  of  pH  which  are  too  small. 
At  the  present  time  it  seems  very  probable  to  us  that  generally 
the  blood  at  rest  must  have  a  normal  respiratory  quotient  and  in 

8  This  point  has  been  discussed  by  Peters,  Barr,  and  Rule  (p.  515).  We 
might  add  that  to  our  knowledge,  no  one  has  been  uniformly  successful  in 
obtaining  normal  respiratory  quotients  in  a  study  of  arterial  and  venous- 
blood  of  men. 
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fact  we  have  found  this  to  be  true  in  blood  drawn  simultaneously 
from  the  artery  and  vein  of  the  same  leg  of  a  dog  in  several 
experiments. 

To  satisfy  ourselves,  we  have  recalculated  from  the  data  given 
by  Peters,  Barr,  and  Rule  the  probable  change  of  pH  when  allow- 
ance is  made  for  these  two  points.  To  do  this  we  have  used  their 
oxygen  values  and  arterial  C02  value  and  assumed  that  sufficient 
C02  must  have  been  added  to  the  arterial  blood  in  becoming  venous 
to  give  a  normal  respiratory  quotient  of  0.75.  With  such  assump- 
tions and  using  the  blood  of  D.P.B.  whose  respiratory  quotient 
(0.67)  is  the  closest  to  normal  the  difference  between  the  calculated 
arterial  and  venous  pH  is  about  0.055  which  is  much  greater  than 
the  difference  indicated  by  the  position  of  the  arterial  and  venous 
points  on  their  charts. 

This,  then,  seems  to  explain  the  difference  between  their  con- 
clusions and  ours  on  the  arterial  to  venous  pH  changes.  Theirs 
are  based  on  actual  determinations  on  arterial  and  venous  blood 
showing  physiologically  improbable  respiratory  quotients;  ours 
on  venous  blood  and  an  ideal  respiratory  quotient. 

It  might  be  well  to  recall  that  in  Van  Slyke's  calculations  of 
the  buffers  of  Haldane's  blood  that  for  the  loss  of  6.3  cc.  of  Os  and 
the  respiratory  quotient  of  0.75,  the  change  of  pH  is  0.03. 

It  seems  worth  while  to  point  out  that  our  calculated  differences 
in  arterial  and  venous  C02  tensions  in  the  bloods  of  W.H.C. 
and  J.M.  are  also  a  little  larger  than  the  usual  estimate.  In  the 
former  it  is  7.6  mm.  and  in  the  latter  9.8  mm.  Both  Haldane 
and  Parsons  estimate  it  to  be  from  5  to  7  mm.,  but  Peters,  Barr, 
and  Rule  have  experimentally  found  differences  as  large  as  10 
mm.  with  an  average  of  6  mm. 

Our  results  for  the  venous  pH  appear  to  be  more  acid  than  those 
generally  accepted.  They  have  been  calculated  from  the  Hassel- 
balch  formula  which  Donegan  and  Parsons  (1918-19)  have  shown 
to  give  pH  values  which  are  less  by  about  0.07  than  those  obtained 
by  them  with  the  hydrogen  electrode,  which  measures  the  pH  of 
the  plasma.  We  are  inclined  to  agree  with  them  on  this  score 
since  our  calculated  values  on  blood  and  its  serum  show  a  similar 
difference.  Our  results  on  subject  E.A.D.  are  given  in  Table 
IX  for  comparison. 


DoLsy,  Briggs,  Eaton,  and  Chambers        325 


& 

** 

:> « 

/ 

. 

0 

4 

i 

! 

0 

i 

0 

70 

i 

COi  Tension  in  mm.  Hg 


Fig.  3.  Blood  of  E.  A.  D.  Volumes  per  cent  of  total  COt  are  plotted 
against  millimeters  of  pressure  of  COi.  Three  points  on  the  oxygenated 
and  reduced  curves  were  determined  on  the  same  sample  of  blood. 
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Fig.  4.  Blood  of  W.  H.  C.  Volumes  per  cent  of  total  CO,  are  plotted 
against  millimeters  of  pressure  of  COi.  The  data  were  obtained  from  two 
samples  of  blood  drawn  at  an  interval  of  6  weeks. 
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The  mean  difference  seems  to  indicate  that  the  calculated  pH 
of  the  serum  exceeds  that  of  the  blood  by  0.05  +.  The  use  of 
6.15  as  pKi  for  blood  and  6.10  for  serum  as  advocated  by  Van 
Slyke  (1922)  would  cause  this  difference  to  disappear.  Possibly  it 
might  have  been  advisable  to  use  this  value  in  our  calculations, 
but  the  various  curves  have  so  nearly  the  same  slope  over  a  longer 
range  that  no  appreciable  error  has  been  introduced.  It  may 
well  be  that  the  pH  of  our  venous  samples  was  0.05  greater  than 
the  figures  given  in  the  text,  which  would  give  us  the  values  7.244, 
7.28,  and  7.283.  The  absolute  values  depend  upon  the  value 
accepted  for  pKi. 

TABLE  IX. 
Calculated  pH  of  Blood  and  Its  Serum, 


COj,  mm 

pH  serum 

pH  blood 

Difference  of  pH 


Oxygenated. 

Reduced. 

23.3 

43.0 

72.5 

22.4 

37.5 

7.47 

7.33 

7.17 

7.54 

7.41 

7.42 

7.26 

7.12 

7.48 

7.35 

0.05 

0.07 

0.05 

0.06 

0.06 

71.6 
7.21 
7.17 
0.04 


A 


SUMMARY. 

In  a  study  of  the  various  known  buffer  systems  of  the  blood,  we 
have  been  able  to  account  for  87  to  97  per  cent  of  the  carbon 
dioxide  carried  in  the  change  from  an  hypothetical  arterial  to  an 
actual  venous  state.  As  previously  pointed  out  (Van  Slyke, 
1921),  the  hemoglobin  plays  the  preenugfiiiLrdleJn  the  transport 
of  both  carbon  dioxide  an cToxygen.  About  75  to  80  per  cent  of 
the  carbon  dioxide  carried  is  due  to  the  hemoglobin,  the  remainder 
being  carried  by  the  other  buffer  systems.  The  buffer  value  of  the 
inorganic  phosphate  is  shown  to  be  less  than  1  per  cent  of  the  total, 
while  that  of  the  separated  serum  is  less  than  5  per  cent.  A 
revised  value  of  0.27  as  a  factor  to  correct  for  oxygen  unsaturation 
in  interpolating  venous  points  is  given.  The  isohydric  absorption 
of  0.44  volumes  per  cent  of  carbon  dioxide  occurs  with  each 
volume  per  cent  of  oxygen  unsaturation  of  the  hemoglobin 
of  the  blood. 

The  authors  desire  to  express  their  appreciations  of  Dr.  P.  A. 
Shaffer's  advice  and  encouragement  in  this  work;  of  Dr.  C.  M. 
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Gniber's  assistance  in  taking  the  samples  of  blood;  and  of  Dr. 
Michael  Somogyi's  help  in  the  preparation  of  the  charts.  Thanks 
are  due  to  certain  students  of  the  first  year  class  for  furnishing 
blood  specimens. 

Protocols. 

Samples  of  blood  were  simultaneously  equilibrated  at  38°  with  three  CO* 

tensions  in  the  practical  absence  of  oxygen  and  with  three  in  the  presence  of 

air  or  oxygen.    The  samples  were  transferred  to  a  small  tube  under  a  layer 

of  oil  without  coming  into  contact  with  any  other  gas.    CO2  analyses  were 

made  as  rapidly  as  possible. 

The  oxygen  contents  of  the  reduced  samples  of  blood  from  E.  A.  D.  and 
W.  H.  C.  (Dec.  21)  were  calculated  from  Hill's  equation,  but  determined  in 
the  blood  from  J.  M.  and  of  W.  H.  C.  (Feb.  2). 

The  separated  serum  was  kept  in  a  paraffined  tube  over  night  at  1°C. 
Equilibrations  and  analyses  were  carried  out  on  the  following  day. 

Both  oxygen  and  carbon  dioxide  were  determined  by  the  methods  des- 
cribed by  Van  Slyke;  and  in  the  case  of  the  blood  of  J.  M.  and  W.  H.  C. 
(Feb.  2)  by  the  more  recent  procedure  of  Van  Slyke  and  Stadie.  Phos- 
phorus was  determined  colorimetrically  by  a  method  described  by  Briggs 
(1922). 

Subject  J.  M. 


Oxygenated  blood. 

Reduced  blood. 

^^a,     mrni 

19.1 
31.2 
7.47 

19.4 

37.8 
43.4 
7.31 

62.1 
52.6 
7.16 

21.0 

37.2 
7.50 
2.80 

37.7 
48.4 
7.36 
2.0 

61.7 

Total  C02,  vol.  per  cent 

57.0 

PH. 

7.21 

2.8 

Venous  blood. 

^^a  content,  vol.  per  cent 

53.9 

Of           «           <<      <<      << 

11.9 

mm, 


**HC03,  vol.  per  cent 
PH. 


£°»,  mm 

^HCOj,  vol.  per  cent. 

PH. 


Separated  serum 

16.3 
45.5 
7.69 

39.1 
52.1 
7.37 

60.3 
53.5 
7.20 

Hemoglo 

sin-bicarbonate  t 

iolution. 

18.0 
32.7 
7.52 


29.9 

44.2 

36.1 

39.0 

7.34 

7.21 

60.9 
42.4 
7.10 


14.0  vol.  per  cent  chemically  combined  Ot, 

^  ]  13.8  vol.  per  cent  chemically  combined  Os, 

T  {    gasometrically. 

^organic  p  in  blood,  2.27  mg.  per  100  cc. 
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Subject  E.  A.  D. 


COj,  mm 

Total  COj,  vol.  per  cent 


pH 

Oj,  mm 

0j,  chemically  combined,  cc, 


Total  CO2,  vol.  per  cent. 
pH 


Oxygenated  blood. 


23.3 

43.0 

34.7 

45.0 

7.42 

7.26 

667.00 

653.00 

18.8 

18.8 

72.5 

56.0 

7.12 

622.00 

19.1 


Serum  from 
oxygenated  blood. 


40.9 
7.47 


55.4 
7.33 


66.4 
7.17 


COi  content,  vol.  per  cent. 
O, 


u 


tt 


n 


Reduced  blood. 


22.4 

37.5 

37.8 

47.5 

7.48 

7.35 

6.4 

5.6 

71.6 
61.2 
7.17 
5.6 


Approximately 
0.50  cc. 


Serum  from 
reduced  blood. 


46.0 
7.54 


57.0 
7.41 


70.6 
7.21 


Venous  blood. 


48.9 
15.0 


COj,  mm 

BHCOa,  vol.  per  cent 
pH. 


Separated  serum. 


Inorganic  P  in  blood,  5.3  mg.  per  100  cc. 


Subject  W.  H.  C. 


Dec.  21. 


COj,  mm 

Total  CO  a,  vol.  per  cent 
pH 


Oa,  mm 

Oi,  chemically  combined,  cc. 


Oxygenated  blood. 


23.0 

36.0 

7.45 

661.00 

16.0 


40.3 
45.3 
7.30 
661.00 


67.2 
56.1 
7.16 
642.00 


Reduced  blood. 


16.7     35.2     63.8 
34.4     48.2     59.6 
7.57     7.39     7.21 
6.7       6.6       7.2 
Approximately 
0.50  cc. 


COs  content,  vol.  per  cent 


Venous  blood. 


54.5 
9.8 


CO2,  mm 

BHCO3,  vol.  per  cent 
pH 


Separated  serum. 


22.7 

57.2 
7.65 


63.2 
62.5 
7.24 
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Subject  W.  H.  C. — Continued. 


COi,  mm 

BHCOt,  vol.  per  cent 
pH 


Hemoglobin-bicarbonate  solution. 


8.4 

28.3 

42.4 

16.4 

27.9 

32.4 

7.56 

7.26 

7.15 

f  18.1  vol.  per  cent  chemically  combined  Ot, 

Hemoglobin  equivalent  to  <..,-?       i  *     t      •    n  i_-     j  r\ 

^  17.9  vol.  per  cent  chemically  combined  Oj, 

[    colorimetrically. 

Inorganic  P  in  blood,  2.8  mg.  per  100  cc. 


Feb.  2. 


COi,  mm 

Total  COi,  vol.  per  cent 

PH 

0»f  chemically  combined,  cc. 


Oxygenated  blood. 


42.2 
47.5 
7.30 
18.0 


76.5 
58.3 
7.11 


Reduced  blood.* 


42.5 
51.9 
7.33 
3.5 


83.3 
63.9 
7.12 
3.2 


*  It  will  be  noted  that  the  degree  of  unsatu ration  of  this  reduced  blood 
is  practically  the  same  as  that  of  the  reduced  blood  of  Dec.  21.  A  smooth 
curve  can  be  drawn  through  all  of  these  reduced  points,  yet  the  blood  of 
X>ec.  21  was  defibrinated  and  that  of  Feb.  2,  oxalated. 

The  venous  blood  of  Dec.  21  was  used  in  our  calculations. 
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IS  ASPHYXIA  THE  CAUSE  OF  DRUG  HYPERGLYCEMIAS? 

By  A.  L.  TATUM  and  A.  J.  ATKINSON. 

(From  the  Laboratory  of  Physiological  Chemistry  and  Pharmacology, 

University  of  Chicago ,  Chicago.) 

(Received  for  publication,  August  4,  1922.) 

It  is  well  known  that  asphyxia  causes  glycogenolysis.  There- 
fore, a  number  of  workers  have  attributed  the  hyperglycemia 
produced  by  ether  and  epinephrine  solely  to  asphyxia.  Stewart 
in  his  Manual  of  physiology  states: 

It  has  usually  been  assumed  that  the  hyperglycemia  of  asphyxia  is  due 
to  the  effect  upon  the  center  of  blood  over-rich  in  carbon  dioxide  (and 
°ther  metabolic  products)  or  impoverished  as  regards  oxygen/ ' 

He  also  states  that  there  is  some  evidence  that  the  altered 

blood  may  also  affect  the  liver  cells  directly  by  interference  with 

*J*e   internal  respiration  of  the  hepatic  tissue,  operating,  it  may 

Pe>    through  an  increase  in  the  concentration  of  the  hydrogen 

ions  (1).    Sansum  and  Woodyatt  (2)  found  that  ether  and  nitrous 

oxide  increase  the  glycosuria  and  D  :N  ratio  in  phlorhizin  diabetes, 

sv45ar  being  derived  from   glycogen   "probably  through  tissue 

a,sPhyxia."  Ross  and  McGuigan  (3)  claim  a  direct  action  of  ether, 

ax*ci  that  asphyxia  is  not  essential.    Ritzmann  (4)  supported  the 

^^Phyxial  explanation  of  the  glycogenolytic  activity  of  epinephrine 

**y  considering  that  epinephrine  produces  a  portal  stasis  (by  portal 

Vasoconstriction)  sufficient  to  cause  anoxemia.    It  has,  however, 

^^^n  shown  by  one  of  us  (5)  that  there  is  no  demonstrable  degree 

°*    portal  stasis  following  subcutaneous  injections  of  epinephrine. 

Ilie  asphyxial  theory  of  drug  hyperglycemia  seems  to  have 

^^^n  accepted  by  many  investigators  with  no  further  proof  than 

^^-t  asphyxia  is  of  itself  capable  of  causing  hyperglycemia  and 

**^.t  asphyxia  is  probably  caused  by  these  drugs.    This  to  our 

******d  leaves  open  the  possibilities  of  asphyxia  and  glycogenolysis 

r^ixig  parallel  and  not  interdependent  phenomena  or  that  asphyxia 

Is    one  of  several  factors  producing  the  glycogenolysis. 
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With  the  object  of  determining  the  r61e  of  asphyxia  in  the 
hyperglycemia  produced  by  the  drugs  which  we  shall  deal  with, 
we  thought  it  necessary  first  to  study  the  effect  of  simple  asphyxia, 
without  drug  action.  Carbon  monoxide  would  seem  to  serve 
satisfactorily  for  this  purpose  since  it  has  no  direct  action,  but 
acts  only  by  displacement  of  oxygen.  We  consider  the  alkaline 
reserve  capacity  of  the  blood  to  be  a  good  measure  of  the  asphyxia 
produced  in  cases  uncomplicated  by  respiratory  or  circulatory 
disturbances  other  than  asphyxial,  since  according  to  all  avail- 
able evidences  there  is  in  asphyxia  diminished  oxidation,  and 
the  incomplete  oxidation  results  in  the  failure  of  the  intermediate 
acid  metabolites  to  be  burned  to  their  normal  end-products. 
This  accounts  for  the  fall  in  the  alkaline  reserve  of  the  blood  since 
these  acid  bodies  are  considered  to  be  neutralized  by  sodium  bi- 
carbonate, ammonia,  and  other  buffers  as  they  are  formed.  The 
alkaline  reserve  capacity  then  is  diminished,  and  should  portray 
the  extent  of  the  suboxidation  caused  by  asphyxia. 

The  carbon  monoxide  was  made  by  adding  concentrated  sul- 
furic acid  to  oxalic  acid  and  heating.  The  gas  was  freed  from 
carbon  dioxide  by  parsing  through  10  per  cent  sodium  hydroxide. 
Rabbits  were  put  in  a  bell  jar  and  asphyxiated  by  passing  in 
carbon  monoxide.  The  blood  sugar  was  determined  by  the  method 
of  Benedict  (6).  The  alkaline  reserve  capacity  was  determined 
by  the  method  previously  described  (7).  A  marked  fall  in  reserve 
capacity  with  a  mild  or  slight  increase  in  sugar  was  obtained 
(Table  I). 

Cyanides  are  considered  to  produce  another  type  of  asphyxia 
by  lessened  oxidation  in  the  presence  of  an  abundance  of  oxygen. 
Geppert  (8)  first  asserted  that  hydrocyanic  acid  depressed  physi- 
ological oxidations,  and  has  called  this  "internal  asphyxia," 
since  the  oxygen  is  in  the  ordinary  combination  with  hemoglobin; 
but  there  is  an  inability  on  the  part  of  the  cell  to  utilize  the  oxygen. 
Hyman  (9)  has  shown  that  the  effect  in  sponges  is  a  primary 
increase  followed  by  diminution,  high  concentrations  produc- 
ing practically  pure  depression.  Schoenbein  (10)  demonstrated 
that  cyanides  inhibit  the  activity  of  the  oxidizing  enzymes. 
Zillessen  (11)  reported  that  there  was  an  increase  in  sugar  and 
lactic  acid  in  the  blood  under  cyanide. 
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If  cyanides  depress  intracellular  oxidation  a  study  of  the 
relation  of  its  glycogenolytic  activity  to  its  production  of  acidosis 
should  be  important  in  connection  with  the  relation  of  asphyxia 
and    drug   hyperglycemia.    Accordingly,    we    injected    sodium 


TABLE  I. 

Effect  of  Carbon  Monoxide  Asphyxia  on  Alkaline  Reserve  Capacity  and  Blood 

Sugar  Concentration  in  the  Rabbit. 


Animal 
No. 

Time. 

Alka- 
line 
reserve 

capac- 
ity. 

Blood 
sugar 
percc. 

Blood 

sugar 

rise. 

Remarks. 

ee. 

mg. 

mg. 

143 

8.30    a.m. 
9.16     " 

0.79 

1.25 

Administered  CO  for  16  min. 

9.38     " 

0.57 

1.79 

0.54 

10.02     " 

it                                 it         «        1Q          it 

10.38     " 

0.53 

1.79 

0.54 

11.43     " 

it                            it         it      ley       it 

12.05  p.m. 

0.52 

1.74 

3.00     " 

a                 u     u   30    « 

3.35     " 

0,37 

1.90 

0.65 

145 

9.30  a.m. 
9.45     " 

0.68 

1.30 

Administered  CO  for  27  min. 

10.20     " 

0.42 

2.43 

1.08 

10.30     " 

Killed   by  CO  administered  for 
19  min. 

10.50     " 

0.39 

3.26 

1.91 

146 

4.02  p.m. 
4.12     " 

0.70 

1.35 

Administered  CO  for  33  min. 

4.48     " 

0.42 

1.77 

0.42 

5.25     " 

0.54 

1.77 

0.42 

147 

10.15  a.m. 
10.45     " 

0.80 

1.37 

Administered  CO  for  35  min. 

11.25     " 

0.32 

2.00 

0.63 

11.50     " 

0.35 

2.00 

0.63 

cyanide  in  the  ear  veins  of  rabbits  and  found  a  marked  fall  in 
the  reserve  capacity  of  blood  with  a  relatively  small  rise  in  blood 
sugar  concentration  (Table  II). 

The  large  fall  in  reserve  capacity  and  small  rise  in  sugar  con- 
centration were  all  out  of  proportion  to  the  large  rise  of  sugar 


TABLE  II. 

Effect  of  Intravenous  Injection  of  Sodium  Cyanide  on  Alkaline  Reserve  and 

Blood  Sugar.* 


• 

Animal 
No. 

Time. 

Alka- 
line 
reserve 

capac- 
ity. 

Blood 
sugar 
percc. 

Blood 
sugar 
rise. 

Remarks, 

cc. 

mg. 

mg. 

149 

8.00i 
8.15 

a.m. 
« 

1.20 

Injected    10    cc.    0.01    m  NaCN 
into  ear  vein.    Time  30  min. 

8.46 

tt 

1.36 

0.16 

150 

3.40] 
3.45 

p.m. 

it 

1.15 

Injected    10    cc.    0.01  m  NaCN. 
Time   30  min.     Four  convul- 
sions. 

4.15 

tt 

2.30 

1.15 

151 

4.00 
4.30 

tt 
« 

0.60 

1  36 

Injected  10  cc.  0.01    m  NaCN. 
Time  30  min.    Three  convul- 
sions. 

5.15 

tt 

0.28 

2.30 

0.94 

152 

2.15 
3.00 

it 
tt 

0.60 

1.16 

Injected    7.5    cc.  0.01  m  NaCN. 
Time  30  min.    Four  mild  con- 
vulsions. 

3.45 

tt 

0.34 

1.66 

0.50 

153 

10.00 
10.30 

a.m. 

tt 

0.76 

1.33 

Double  splanchnotomized  rab- 
bit. 

Injected  9  cc.  0.01  m  NaCN. 
Time  30  min.  Four  convul- 
sions. 

11.30 

it 

0.27 

2.20 

0.87 

138 

11.30 
12.15] 

12.55 
1.15 
1.30 
1.39 

p.m. 

a 
tt 

tt 
tt 

0.70 
0.63 
0.63 

2  gm.  urethane  by  stomach  tube. 
Started  artificial  respiration  with 
tracheotomy. 

Injected  0.01  m  NaCN  for  30  min. 

2.19 

tt 

0.51 

0.01  m     "        "30   " 

2.30 

tt 

2.50 

ti 

0.49 

3.05 

tt 

0.01  m     "        "   30  " 

3.30 

tt 

0.45 

*  Folin-Wu  method  of  blood  sugar  analysis. 
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• 

and  small  fall  of  reserve  seen  with  epinephrine  (compare  Tables 
II  and  XIII).  The  fall  in  reserve  with  cyanide  was  greater 
than  with  carbon  monoxide;  but  the  sugar  changes  were  of 
about  the  same  order  of  magnitude  (compare  Tables  I  and  II). 

Hydrocyanic  acid  is  one  of  the  strongest  stimulants  of  the 
respiratory  center.  Boehm  (12)  first  demonstrated  that  the 
respiratory  effects  were  central.  The  fall  in  reserve  capacity 
seen  with  cyanide  then  might  be  thought  to  be  due  to  reduced 
tension  of  carbon  dioxide  in  the  alveoli  and  blood  because  of  the 
increased  pulmonary  ventilation  removing  the  carbon  dioxide 
from  the  blood  and  lungs  more  promptly  than  usual.  In  order 
to  determine  whether  the  fall  in  reserve  observed  with  cyanide 
was  due  to  respiratory  stimulation,  animals  were  urethanized 
and  given  artificial  respiration  through  a  tracheal  cannula,  and 
then  the  effect  of  cyanide  was  determined.  Under  these  condi- 
tions, cyanide  still  produced  a  fall  in  reserve  although  the  artificial 
respiration  was  maintained  at  a  constant  rate  sufficient  to  main- 
tain quiescence  of  the  respiratory  center.  See  Table  II,  No. 
138.  This  indicates  that  the  fall  in  reserve  observed  with  cyanide 
is  not  likely  due  to  respiratory  center  stimulation,  since,  if  it 
were,  the  reserve  should  not  have  decreased. 

Grove  and  Loevenhart  (13),  investigating  the  activity  of 
iodoxybenzoic  acid,  found  that  it  caused  a  brief  arrest  of  respira- 
tion by  depression  of  the  respiratory  center  presumably  because 
of  the  active  oxygen;  and  that  a  definite  antagonism  exists  between 
hydrocyanic  acid  and  sodium  iodoxybenzoate  in  regard  to  the 
respiratory  center.  Since  hydrocyanic  acid  depresses  oxidation, 
they  assume  that  the  antagonism  between  cyanides  and  sodium 
iodoxybenzoate  indicates  that  the  latter  is  capable  of  accelerat- 
ing physiological  oxidation,  because  of  the  effect  on  the  respira- 
tion of  the  one  is  neutralized  by  the  other. 

If  sodium  iodoxybenzoate  acts  by  increasing  intracellular  oxida- 
tion and  cyanides  act  by  decreasing  intracellular  oxidation,  we 
should  expect  to  be  able  to  see  a  manifestation  of  this  antagonism 
on  the  glycogenolytic  mechanism  and  on  the  asphyxia  of  cyanide 
as  portrayed  in  the  alkaline  reserve  capacity.  On  injecting  iodoxy- 
benzoate in  the  ear  vein  of  rabbits,  we  confirmed  Loevenhart's 
findings  in  regard  to  the  respiratory  center;  that  is,  it  produced 
an  apnea.    Sodium  iodoxybenzoate  given  at  such  a  rate  as  to 


* 


TABLE  II. 

Effect  of  Intravenous  Injection  of  Sodium  Cyanide  on  Alkaline  Rese 

Blood  Sugar.* 


Animal 
No. 


149 


150 


151 


152 


153 


138 


Time. 


Alka- 
line 
reserve 

capac- 
ity. 


8.00  a.m. 
8.15     " 


8.46 


u 


3.40  p.m. 
3.45     " 


4.15 


it 


4.00     " 
4.30     " 


5.15 

2.15 
3.00 


3.45 


it 


tt 


it 


tt 


CC. 


10.00  a.m. 
10.30     " 

11.30     " 

11.30     " 
12.15  p.m. 


12.55 
1.15 
1.30 
1.39 
2.19 
2.30 
2.50 
3.05 
3.30 


tt 
tt 
tt 
tt 
tt 
tt 
tt 
u 
tt 


0.60 


0.28 


0.60 


0.34 


0.76 


0.27 


0.70 
0.63 
0.63 

0.51 

0.49 

0.45 


Blood 
sugar 
percc. 


mg. 

1.20 


1.36 


1.15 


2.30 


1  36 


2.30 


1.16 


1.66 


1.33 


2.20 


Blood 

sugar 

rise. 


mg. 


Remarks, 


0.16 


1.15 


0.94 


Injected    10    cc.   0.01    m 
into  ear  vein.    Time  30 


Injected    10    cc.    0.01  m 
Time    30  min.     Four 


sions. 


Injected  10  cc.  0.01  m 
Time  30  min.  Three 
sions. 


0.50 


0.87 


Injected    7.5    cc.  0.01  m 
Time  30  min.    Four  mi 
vulsions. 


Double  8planchnotomizec 

bit. 
Injected     9    cc.    0.01  m 

Time    30    min.    Four  < 

sions. 


2  gm.  urethane  by  stomac 
Started  artificial  respiratic 
tracheotomy. 


Injected 0.01  m  NaCN  fori 


0.01  m     " 


tt 


0.01  M       " 


tt    • 

« 


tt    * 


*  Folin-Wu  method  of  blood  sugar  analysis. 
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serve  capacity  by  depression  of  the  respiratory  center  causing  a 
retention  of  carbon  dioxide  in  the  blood  (Table  IV). 

Table  IV  also  shows  the  effect  on  the  alkaline  reserve  capacity 
of  subcutaneous  injection  of  epinephrine  in  artificially  respirated 
animals.  Epinephrine  produced  a  fall  of  reserve.  This  indi- 
cates that  the  fall  of  reserve  cannot  be  due  to  respiratory  stimu- 
lation, and  confirms  previous  work  in  this  laboratory  (5). 

For  completeness,  we  tried  iodoxybenzoate  in  double  splanch- 
notomized  and  left  adrenalectomized-right  splanchnotomized 
animals  and  found  that  it  no  longer  produced  hyperglycemia  but 
did  produce  a  rise  in  the  alkaline  reserve  capacity.  The  glyco- 
genolytic action  of  iodoxybenzoate  in  normal  animals  then 
is  central,  probably  by  stimulation  of  the  central  glycotaxic 
mechanism.  However,  if  an  overdose  of  iodoxybenzoate  is 
given,  so  as  to  maintain  apnea,  an  increase  in  the  blood  sugar 
concentration  and  a  fall  in  the  alkaline  reserve  capacity  is  ob- 
tained (see  Table  V).  This  can  be  explained  on  the  basis  of  the 
apnea  resulting  in  a  lack  of  oxygen.  On  the  other  hand  in  cases 
of  small  doses  of  iodoxybenzoate  the  depression  of  the  respiratory 
center  was  sufficient  to  produce  some  accumulation  of  carbon 
dioxide  without  at  the  same  time  producing  actual  oxygen  want. 

To  determine  whether  the  antagonism  seen  between  iodoxy- 
benzoate and  cyanide  on  the  respiratory  center  could  also  be 
seen  in  regard  to  cyanide  hyperglycemia  and  reserve  fall,  we  in- 
jected into  an  ear  vein  of  a  rabbit  a  single  solution  containing 
cyanide  and  iodoxybenzoate,  which,  tested  electrometrically, 
gave  no  evidence  of  chemical  interaction.  By  trial  a  mixture 
was  obtained  which  because  of  the  predominance  of  iodoxyben- 
zoate, more  than  neutralized  the  effect  of  cyanide  so  that  the 
respiration  was  depressed.  We  found  that  cyanide  still  produced 
the  large  fall  in  reserve  capacity,  the  sugar  change,  and  typical 
cyanide  convulsions  even  when  the  effect  of  cyanide  on  the 
respiratory  center  was  entirely  overbalanced  by  the  depression 
produced  byt  iodoxybenzoate  (see  Table  VI). 

Hence  iodoxybenzoate  is  not  a  good  antidote  to  the  effects 
observed  with  cyanide,  other  than  control  of  the  respiratory 
center  and  possibly  other  medullary  centers.  Grove  and  Loeven- 
hart  consider  that  iodoxybenzoate  causes  depression  of  the  respira- 
tory center  by  increasing  intracellular  oxidation.    Our  evidence 
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maintain  a  depressed  state  of  the  respiratory  center  proc 
slight  hyperglycemia  with  a  rise  of  the  alkaline  reserve  c. 
(Table  III). 

Since  iodoxybenzoate  caused  a  rise  in  the  alkaline 
capacity,  it  was  necessary  to  determine  whether  the  ris< 


TABLE  III. 
Effect  of  Sodium  Iodoxybenzoate  on  Alkaline  Reserve  and  Blood  S\ 


Animal 
No. 


129 


130 


131 


162 


Time. 


10.30  a.m. 
10.49     " 


« 


11.40 
12.05  p.m. 

1.05 

1.40 


M 


« 


2.14 


« 


4.00     " 
4.30     " 


5.14 


u 


11.30  a.m. 
11.40     " 

12.12  p.m. 
12.32     " 

2.30     " 
2.47     " 


3.19 


u 


Alka- 
line 
reserve 
capac- 
ity. 

Blood 
sufltar 
per  cc. 

Blood 

sugar 

rise. 

cc. 

mo. 

mo. 

0.69 

1.68 

0.75 

2.04 

0.36 

0.65 

0.67 

1.68 

0.69 

1.92 

0.24 

0.75 

1.34 

0.83 

1.78 

0.44 

0.73 

1.32 

0.86 

1.70 

0.38 

0.83 

1.62 

0.30 

0.75 

1.32 

0.78 

1.67 

0.35 

Remarks. 


Injected    n/60  Na  iodoi 
ate.    Time  47  min. 


Injected  n/60  Na  iodox 
ate.    Time  30  min. 


Injected  8  cc.  n/90  Na 
benzoate.    Time  30  mi 


Injected  5.5  cc.  n/90  Na 
benzoate.    Time  30  mi 


Injected  8  cc.  n/90  Na 
benzoate.    Time  30  mi 


not  be  accounted  for  by  retention  of  carbon  dioxide  due 
pression  of  the  respiratory  center.    We  therefore  injected 
iodoxybenzoate  into  the  ear  veins  of  artificially  respirate 
thanized  rabbits  and  found  that  the  reserve  did  not  ir 
Hence,  we  conclude  that  iodoxybenzoate  produces  a  rise 
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is  not  directly  confirmatory  to  this  view,  although  it  may  not 
~be  antagonistic  since  there  is  a  possibility  of  a  difference  of  general 
-visceral  susceptibility  in  response  to  iodoxybenzoate  compared 

TABLE  V. 

^Effect  of  Sodium  Iodoxybenzoate  on  Alkaline  Reserve  and  Blood  Sugar  Con- 
centration of  Double  Splanchnotomized  Rabbits. 


Animal 
No. 


163 


161 


157 


156 


Time. 

Alka- 
line 
reserve 
capac- 
ity. 

Blood 
sugar 
percc. 

Blood 

sugar 

rise. 

ec. 

mo. 

mg. 

10.00 

a.m. 

0.76 

1.59 

10.35 

« 

11.15 

« 

0.81 

1.63 

0.04 

10.19 

u 

9.76 

1.32 

10.40 

a 

11.15 

u 

0.46 

2.03 

0.71 

8.00 

u 

1.17 

8.30 

tt 

9.15 

tt 

1.71 

0.54 

4.00 

p.m. 

1.29 

4.25 

tt 

5.00 

tt 

1.90 

0.61 

Remarks. 


Injected  n/90  Na  iodoxyben- 
zoate. Time  36  min.  Res- 
piration was  depressed;  but 
there  was  at  no  time  apnea. 


Injected  20  cc.  n/90  Na  iodoxy- 
benzoate. Time  30  min. 
Complete  cessation  of  respira- 
tion several  times  during 
period  of  injection. 


Injected  18  cc.  n/90  Na  iodoxy- 
benzoate. Time  40  min. 
Complete  cessation  of  respira- 
tion several  times  during 
period  of  injection. 


Injected  as  in  Animal  157. 


to  the  medullary  center  responses  as  shown  by  Loevenhart  and 
Eyster  (14)  to  be  true  in  the  case  of  the  heart. 

The  question  of  ether  hyperglycemia  has  been  extensively 
studied  with  the  investigators  being  unable  to  reach  an  agreement 
in  opinion.    Keeton  and  Ross  (15)  claim  that  ether  hypergly- 
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cemia  is  abolished  after  double  splanchnotomy  in  dogs;  while 
Stewart  and  Rogoff  (16)  claim  that  it  is  obtained  after  right 
adrenalectomy  and  left  splanchnotomy  in  cats,  and  after  double 
adrenalectomy  in  rabbits.  Fujii  (17)  found  hyperglycemia  in 
rabbits  after  double  splanchnotomy,  but  less  than  in  the  normal 
controls.  We  used  ether  anesthesia  in  double  splanchnotomized 
and  left    adrenalectomized-right    splanchnotomized    rabbits  by 

TABLE  VI. 
Effect  of  Injection  of  Sodium  Cyanide  and  Sodium  Iodoxybenzoate  on  Alkaline 

Reserve  Capacity  and  Blood  Sugar. 


Animal 
No. 


140 


141 


142 


Time. 


8.30  a.m. 
9.00     " 


9.45 


« 


1.00  p.m. 
1.30     " 
2.05     " 


3.05 
3.30 


« 


<< 


4.10 


u 


Alka- 
line 
reserve 
capac- 
ity. 

Blood 

sugar 

percc. 

Blood 

sugar 

rise. 

cc. 

tng. 

mg. 

0.75 

1.41 

0.32 

2.36 

0.95 

0.70 

1.40 

0.24 

2.29 

0.89 

0.71 

1.35 

0.30 

1.95 

0.60 

Remarks. 


Injected  mixture  of  NaCN  and 
Na  iodoxybenzoate  into  ear 
vein.  Time  30  min.  Kept 
respiration  at  normal  rate. 


Injected  solution  as  in  No.  140. 


Injected  mixture  of  cyanide  and 
iodoxybenzoate  with  predomi- 
nance of  iodoxybenzoate  effect 
on  the  respiratory  center. 
Some  cyanide  convulsions  were 
observed. 


the  ordinary  towel  method  of  administration  of  ether  to  determine 
whether  the  ether  action  is  central  or  peripheral.  The  advantage 
in  cutting  the  splanchnics  on  one  side  and  extirpating  the  adrenal 
on  the  other  as  pointed  out  by  Stewart  and  Rogoff  is  that  the 
innervation  of  the  liver  is  not  seriously  interfered  with  as  in 
double  splanchnotomy,  and  at  the  same  time  the  effect  of  adrenal 
intermediation  is  eliminated,  since  the  remaining  gland  is  de- 
nervated.     The   evidence   obtained  indicates  that  ether  is  gly- 
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is  not  directly  confirmatory  to  this  view,  although  it  may  not 
be  antagonistic  since  there  is  a  possibility  of  a  difference  of  general 
visceral  susceptibility  in  response  to  iodoxybenzoate  compared 

TABLE  V. 

Effect  of  Sodium  Iodoxybenzoate  on  Alkaline  Reserve  and  Blood  Sugar  Con" 
centration  of  Double  Splanchnotomized  Rabbits. 


Animal 
No. 


163 


161 


Time. 

Alka- 
line 
reserve 
capac- 
ity. 

Blood 
sugar 
percc. 

Blood 

sugar 

rise. 

cc. 

mo. 

mg. 

10.00 

a.m. 

0.76 

1.59 

10.35 

u 

11.15 

tt 

0.81 

1.63 

0.04 

16.19 

U 

0.76 

1.32 

10.40 

tt 

11.15 

it 

0.46 

2.03 

0.71 

8.00 

tt 

1.17 

8.30 

it 

9.15 

tt 

1.71 

0.54 

4.00 
4.25 

p.m. 
tt 

1.29 

5.00 

tt 

1.90 

0.61 

Remarks. 


Injected  n/90  Na  iodoxyben- 
zoate. Time  36  min.  Res- 
piration was  depressed;  but 
there  was  at  no  time  apnea. 


Injected  20  cc.  n/90  Na  iodoxy- 
benzoate. Time  30  min. 
Complete  cessation  of  respira- 
tion several  times  during 
period  of  injection. 


Injected  18  cc.  n/90  Na  iodoxy- 
benzoate. Time  40  min. 
Complete  cessation  of  respira- 
tion several  times  during 
period  of  injection. 


Injected  as  in  Animal  157. 


♦^    t'he  medullary  center  responses  as  shown  by  Loevenhart  and 

^fcter  (14)  to  be  true  in  the  case  of  the  heart. 

**he  question  of  ether  hyperglycemia  has  been  extensively 

T^Udied  with  the  investigators  being  unable  to  reach  an  agreement 

^  opinion.    Keeton  and  Ross  (15)  claim  that  ether  hypergly- 
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cemia  is  abolished  after  double  splanchnotomy  in  dogs;  whi 
Stewart  and  Rogoff  (16)  claim  that  it  is  obtained  after  rigl 
adrenalectomy  and  left  splanchnotomy  in  cats,  and  after  doub 
adrenalectomy  in  rabbits.  Fujii  (17)  found  hyperglycemia  i 
rabbits  after  double  splanchnotomy,  but  less  than  in  the  norm 
controls.  We  used  ether  anesthesia  in  double  splanchnotomizc 
and  left    adrenalectomized-right   splanchnotomized    rabbits  t 

TABLE  VI. 

Effect  of  Injection  of  Sodium  Cyanide  and  Sodium  Iodoxybenzoate  on  Alkali* 

Reserve  Capacity  and  Blood  Sugar. 


Animal 
No. 


140 


141 


142 


Time. 


8.30  a.m. 
9.00     " 


9.45 


tt 


1.00 

p.m. 

1.30 

« 

2.05 

M 

3.05 

u 

3.30 

u 

4.10 


« 


Alka- 
line 
reserve 

capac- 
ity. 

Blood 

sugar 

percc. 

Blood 

sugar 

rise. 

cc. 

mo. 

mo. 

0.75 

1.41 

0.32 

2.36 

0.95 

0.70 

1.40 

0.24 

2.29 

0.89 

0.71 

1.35 

0.30 

1.95 

0.60 

Remarks. 


Injected  mixture  of  NaCN  *u 
Na  iodoxybenzoate  into  * 
vein.  Time  30  min.  K« 
respiration  at  normal  rate. 


Injected  solution  as  in  No.  %' 


Injected  mixture  of  cyanide  • 
iodoxybenzoate  with  predc^ 
nance  of  iodoxybenzoate  e£3 
on  the  respiratory  cei». 
Some  cyanide  convulsions  ^» 
observed. 


the  ordinary  towel  method  of  administration  of  ether  to  detern»~ 
whether  the  ether  action  is  central  or  peripheral.  The  advant£ 
in  cutting  the  splanchnics  on  one  side  and  extirpating  the  adre- 
on  the  other  as  pointed  out  by  Stewart  and  Rogoff  is  that  ^ 
innervation  of  the  liver  is  not  seriously  interfered  with  as 
double  splanchnotomy,  and  at  the  same  time  the  effect  of  adre  - 
intermediation  is  eliminated,  since  the  remaining  gland  is  * 
nervated.     The   evidence   obtained  indicates  that  ether  is  a 


TABLE  IX. 

Effect  of  Ether  Anesthesia  by  Continuous  Insufflation  on  Blood  Sugar  and 
Alkaline  Reserve  Capacity  of  Whole  Blood.    Normal  Rabbits. 


Animal 
No. 


48 


52 


53 


55 


56 


57 


X04 


1105 


306 


108 


113 


Time. 


1  hr.  ether. 


1  hr.  ether. 


1  hr.  ether. 


1  hr.  ether. 


1  hr.  ether. 


1  hr.  ether. 

9.30  a.m. 
10.05     " 
11.15     " 
12.00   m. 
12.55  p.m. 

9.30  a.m. 
10.15     " 
11.00     " 
11.50 


a 


a 


tt 


9.00 

9.35 
10.35  " 
11.40  " 
12.35  p.m. 

11.50  a.m. 

12.25  p.m. 
1.40     " 
2.55     " 

9.15  a.m. 
9.45     " 
10.50     " 


Alka- 
line 
reserve 
capac- 
ity. 

Blood 
sugar 
percc. 

Blood 

sugar 

rise. 

ec. 

mo. 

1.37 

mo. 

1.78 

0.41 

1.42 

3.57 

2.15 

1.48 

3.40 

1.92 

1.37 

3.16 

1.79 

1.20 

1.95 

0.75 

1.41 

1.69 

0.28 

0.75 

1.31 

0.75 

1.71 

0.40 

0.74 

1.91 

0.60 

0.66 

2.39 

1.08 

0.76 

1.14 

0.58 

3.13 

1.99 

0.56 

3.13 

1.99 

0.76 

1.05 

0.71 

1.80 

0.75 

0.72 

1.80 

0.75 

0.70 

1.99 

0.94 

0.74 

1.15 

< 

0.74 

2.38 

1.23 

0.74 

2.50 

1.35 

0.68 

1.46 

0.61 

3.16 

1.70 

Remarks. 


Deep  etherisation. 


Deep  etherization. 


Deep  etherization. 


Started  ether  insufflation. 


Started  ether  insufflation. 


Started  ether  insufflation. 


Started  ether  insufflation. 


Started  ether  insufflation. 


\ 
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TABLE  VII. 

Effect  of  Ether  Anesthesia  on  Blood  Sugar  Concentration  of  Normal 
Ether  Administered  by  the  Ordinary  Towel  Method. 


Animal 
No. 


1 

2 

4 

5 

6 

9 

27 

29 

30 

31 


Blood  sugar  per  cc. 

Blood 

sugar 
rise. 

Before. 

After. 

mg. 

mg. 

mo. 

1.66 

2.00 

0.34 

1.30 

1.85 

0.55 

1.70 

1.92 

0.22 

0.90 

1.55 

0.65 

1.21 

1.48 

0.27 

1.30 

1.60 

0.30 

1.40 

3.36 

1.96 

1.33 

3.15 

1.82 

1.26 

2.30 

1.04 

1.33 

1.56 

0.23 

Remarks. 
In  each  experiment  the  anima 
anesthetized  for  1  hr. 


Deep  etherization. 


u 


u 


TABLE  Vni. 

Effect  of  Ether  Anesthesia  on  Blood  Sugar  Concentration  of  Double  , 
notomized  Rabbits.    Ether  Administered  on  Towel. 


Animal 
No. 


10 
11 
12 
13 
14 
16 
17 


Blood  sugar  per  cc. 

Blood 

sugar 

Before. 

After. 

rise. 

mg. 

mg. 

mg. 

1.32 

1.68 

0.36 

1.44 

1.95 

0.51 

1.23 

1.69 

0.46 

1.23 

2.00 

0.77 

1.63 

1.90 

0.27 

1.21 

1.48 

0.27 

1.27 

1.68 

0.41 

Remarks. 
Anesthesia  maintained  for 
Light  etherisation. 


Effect  of  ether  on  blood  sugar  of  rabbits  with  left  adrenalectom 

right  splanchnotomy. 


18 

1.27 

2.85 

1.58 

19 

1.14 

1.79 

0.65 

20 

1.31 

2.04 

0.73 

21 

1.43 

3.12 

1.69 

22 

1.34 

1.57 

0.23 

TABLE  IX. 

Effect  of  Ether  Anesthesia  by  Continuous  Insufflation  on  Blood  Sugar  and 
Alkaline  Reserve  Capacity  of  Whole  Blood.    Normal  Rabbits. 


&mma 
No. 

1         Time. 

Alka- 
line 
reserve 
capac- 
ity. 

Blood 
sugar 
percc. 

Blood 

sugar 

rise. 

Remarks. 

ec. 

mo. 

mo. 

48 

1.37 

1  hr.  ether. 

1.78 

0.41 

i 

52 

1.42 

1  1  hr.  ether. 

3.57 

2.15 

Deep  etherization. 

53 

1.48 

1  hr.  ether. 

3.40 

1.92 

Deep  etherization. 

55 

1.37 

1  hr.  ether. 

3.16 

1.79 

Deep  etherization. 

56 

1.20 

1  hr.  ether. 

1.95 

0.75 

57 

1.41 

1  hr.  ether. 

1.69 

0.28 

104 

9.30  a.m. 

0.75 

1.31 

10.05     " 
11.15     " 

0.75 

1.71 

0.40 

Started  ether  insufflation. 

12.00   m. 

0.74 

1.91 

0.60 

12.55  p.m. 

0.66 

2.39 

1.08 

105 

9.30  a.m. 

0.76 

1.14 

10.15     " 
11.00     " 

0.58 

3.13 

1.99 

Started  ether  insufflation. 

11.50     " 

0.56 

3.13 

1.99 

106 

9.00     " 

0.76 

1.05 

9.35     " 
10.35     " 

0.71 

1.80 

0.75 

Started  ether  insufflation. 

11.40     " 

0.72 

1.80 

0.75 

12.35  p.m. 

0.70 

1.99 

0.94 

108 

11.50  a.m. 

0.74 

1.15 

12.25  p.m. 
1.40     " 

0.74 

2.38 

i 

1.23 

Started  ether  insufflation. 

2.55     " 

0.74 

2.50 

1.35 

113 

9.15  a.m. 

0.68 

1.46 

9.45    " 
10.50    " 

0.61 

3.16 

1.70 

Started  ether  insufflation. 
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TABLE  X. 

Effect  of  Ether  Anesthesia  by  Continuous  Insufflation  on  Blood  Sug 
centration  of  Double  Splanchnotomized  and  Left  Adrenalectomizi 

Right  Splanchnotomized  Rabbits. 


Animal 
No 

Time. 

Blood 
sugar 

Blood 
sugar 

Remarks. 

IlUt 

pcrcc. 

rise. 

mo. 

mg. 

54 

8.00 

a.m. 

1.48 

8.20 

« 

Started  ether  insufflation. 

9.20 

« 

2.66 

1.18 

58 

1.00 

p.m. 

1.27 

1.30 

tt 

Started  ether  insufflation. 

2.30 

a 

1.52 

0.25 

59 

5.00 

a 

1.22 

5.20 

a 

Started  ether  insufflation. 

6.20 

* 

1.74 

0.52 

62 

2.25 

tt 

1.21 

2.30 

tt 

Started  ether  insufflation. 

3.05 

tt 

2.13 

0.92 

3.30 

u 

2.34 

1.13 

5.35 

tt 

2.44 

1.23 

64 

4.30 

tt 

1.35 

4.40 

tt 

Started  ether  insufflation. 

5.40 

tt 

Stopped     "             " 

5.50 

tt 

1.95 

0.60 

65 

9.10i 

a.m. 

1.24 

9.15 

u 

Started  ether  insufflation. 

10.15 

tt 

1.56 

0.32 

10.52 

a 

1.82 

0.58 

68 

2.25] 

).m. 

1.24 

2.45 

a 

Started  ether  insufflation.    Very 

3.15 

tt 

1.47 

0.23 

3.45 

tt 

Ether  turned  off.    Gave  air  insu 

3.55 

tt 

1.74 

0.50 

• 

hepatic;  but  the  acidosis  produced  by  giving  of  acid  by  si 
affects  the  portal  system  first  also. 

If   the    glycogenolytic    action  of   ether  is   due   to    a< 
alkali  administration  should  diminish  the  effect  of  ethe 
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acidosis  produced  by  the  one  would  enable  the  acidosis  produced 
by  the  other  to  show  greater  effect  on  glycogenolysis,  since  the 
-threshold  for  increased  glycogenolytic  activity  would  have  already 
been  reached.  Therefore,  epinephrine  and  ether  simultaneously 
should  show  a  synergistic  effect  on  the  glycogenolysis  produced, 
if  they  act  by  a  common  mechanism.  On  giving  epinephrine 
and  ether  simultaneously,  we  found  no  demonstrable  synergism 
but  summation  of  glycogenolytic  effects  (see  Tables  XIII  and 

TABLE  xiv. 

Effect  of  Simultaneous  Administration  of  Ether  and  Epinephrine  on  the 

Blood  Sugar  Concentration  in  the  Rabbit. 


Animal 
No. 


23 
24 
26 
32 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 


Blood  sugar  per  cc. 

Blood 

sugar 
rise. 

Before. 

After  1  hr. 

mg. 

mo. 

mg.  p*r  cc. 

1.60 

5.00 

3.40 

1.54 

4.21 

2.67 

1.47 

3.28 

1.81 

1.49 

2.96 

1.47 

1.29 

3.30 

2.19 

1.36 

2.87 

1.51 

1.60 

5.55 

3.95 

1.55 

5.10 

3.55 

1.33 

3.92 

2.59 

1.38 

3.33 

1.95 

1.29 

4.27 

2.98 

1.55 

2.56 

1.01 

1.38 

3.44 

2.06 

1.45 

3.08 

1.63 

1.60 

3.40 

1.80 

1.37 

2.58 

1.21 

1.21 

2.82 

1.61 

1.48 

3.80 

2.42 

Remarks. 

0.5  cc.  adrenalin  injected  subcutancously 

at  start  of  ether  anesthesia. 


Very  deep  etherization. 


« 


M 


M 


XIV).  This  indicates  that  the  ether  and  epinephrine  each  pro- 
duced their  respective  hyperglycemias  by  independent  actions. 
With  the  idea  of  possibly  throwing  more  light  on  the  mechanism 
of  epinephrine  hyperglycemia,  we  tried  iodoxybenzoate  injection 
during  the  period  of  epinephrine  action  and  found  that  the  alka- 
line reserve  capacity  of  the  blood  may  be  kept  up  or  even  elevated, 
but  the  glycogenolysis  produced  by  epinephrine  was  unchanged 
(see  Table  XV). 


348 


Drug  Hyperglycemias 


TABLE  XV. 

Effect  of  Sodium  Iodoxybenzoate  on  Epinephrine  Hyperglycemia  and  Alkaline 

Reserve  Status  in  the  Rabbit. 


Animal 
No. 

Time. 

Alka- 
line 
reserve 

capac- 
ity. 

Blood 
sugar 
percc. 

Blood 

sugar 

rise. 

Remarks. 

cc. 

mo. 

mg. 
per  cc. 

128 

10.20  i 
10.42 

10.44 

a.m. 
u 

u 

0.70 

1.13 

Injected  0.5  cc.  adrenalin  subcu- 
taneou8ly. 

Injected  10  cc.  n/30  Na  iodoxy- 
benzoate into  ear  vein.  Time 
46  min. 

• 

11.34 

a 

0.68 

3.10 

1.97 

Respiration  not  completely  con- 
trolled. 

132 

3.30  i 

4.05 
4.06 

3.m. 

a 

u 

0.70 

1.49 

Injected  0.5  cc.  adrenalin. 
Injected    n/90    iodoxybenzoate. 

Time    44    min.    Intermittent 

apnea  and  hyperpnea. 

4.45 

u 

0.65 

2.85 

1.36 

134 

4.10 
4.22 

tt 

0.72 

1.41 

Injected  0.5  cc.  adrenalin.  In- 
jected 10  cc.  n/90  iodoxyben- 
zoate. 

5.04 

u 

0.78 

2.72 

1.31 

5.44 

u 

0.64 

3.41 

2.00 

GENERAL  INTERPRETATION. 

A  summary  comparison  of  the  actions  of  ether,  epinephrine, 
carbon  monoxide,  and  cyanides  on  the  blood  sugar  concentration 
and  alkaline  reserve  capacity  seems  to  be  profitable.  We  have 
demonstrated  that  cyanide  and  carbon  monoxide  (in  other  words 
asphyxia)  produce  a  much  greater  fall  in  reserve  and  much  less 
sugar  rise  than  epinephrine  or  ether.  Since  the  fall  in  reserve 
is  presumably  caused  by  diminished  oxidation,  the  hyperglycemia 
of  ether,  epinephrine,  carbon  monoxide,  and  cyanide  cannot  in 
each  case  be  caused  by  diminished  intracellular  oxidation,  if  this 
is  adequately  measured  by  the  alkaline  reserve  capacity.     The 
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fall  in  reserve  should  be  a  measure  of  the  same  diminution  of 
oxidation  and  this  same  diminution  of  oxidation  should  lead  to  a 
relatively  definite  glyeogenolysis,  providing  the  circulatory  and 
respiratory  factors  are  not  sufficiently  altered  as  to  vitiate  our 
interpretation. 

If  this  reasoning  is  logical,  it  then  follows  that  the  hypergly- 
cemia produced  by  ether,  cannot  all  be  accounted  for  on  the  basis 
of  asphyxia  or  acidosis.  In  regard  to  epinephrine  there  is 
absolutely  no  available  evidence  of  any  contributary  action  of 
asphyxia  in  hyperglycemia  production  by  this  drug. 
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ON  OXIDATION  OF  TERTIARY  HYDROCARBONS. 

By  P.  A.  LEVENE  and  F.  A.  TAYLOR. 
(From  the  Laboratories  of  The  Rockefeller  Institute  for  Medical  Research.) 

(Received  for  publication,  June  2,  1922.) 

Hydrocarbons  with  a  tertiary  carbon  atom  have  attracted  little 
attention.    Few  have  been  prepared  synthetically  and  of  those 
occurring  in  nature  only  a  few  have  been  investigated  from  the 
view-point  of  their  structures.    The  lack  of  interest  in  this  group 
of  substances  may  be  due  to  the  belief  in  their  inertness.  .  How- 
ever, there  is  accumulating  evidence  to  show  that  the  lack  of  re- 
activity of  the  aliphatic  hydrocarbons  is  not  as  great  as  accepted  in 
t*1©   past,  particularly  in  the  case  of  the  hydrocarbons  with  a 
tertiary  carbon  atom.    The  fact  that  3-methyl-pentane  is  capable 
°*  decolorizing  a  solution  of  potassium  permanganate  has  been 
^own  since  1901. 1    The  products  of  oxidation  of  this  substance 
Ve*e  not  analyzed. 

A  considerable  number  of  naturally  occurring  substances,  among 
^hich  are  the  higher  fatty  acids,  are  derivatives  of  tertiary  hy- 
r°carbons.    The  knowledge  of  their  structures  depends  on  that 
°*    the  structures  of  the  hydrocarbons. 

1*he  present  work  was  undertaken  in  1918  in  cooperation  with 

•   II.  Cretcher.    The  work  was  interrupted  due  to  the  conditions 

.     War  and  at  that  time  a  short  publication  on  the  subject  was  pub- 

V^lx^d  in  this  Journal.2    Subsequently,  the  work  was  continued  by 

^^    present  writers. 

Recently,  the  subject  of  oxidation  of  saturated  hydrocarbons 
,     ^J^cted  considerable  attention.    However,  on  the  special  prob- 
of  oxidation  of  tertiary  hydrocarbons  no  additional  work  has 
reported. 

^elinsky,  N.,  and  Zelikow,  J.,  Ber.  chem.  Ges.,  1901,  xxxiv,  2865. 
Xievene,  P.  A.,  and  Cretcher,  L.  H.,  Jr.,  /.  Biol.  Chem.f  1918,  xxxiii,  505. 
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The  present  communication  contains  a  report  on  the  synthesis 
of  five  tertiary  hydrocarbons.  Their  properties  are  tabulated 
below.  The  method  of  preparation  was  the  same  as  employed 
in  the  previous  work;  namely,  through  the  malonic  ester  synthesis 
by  the  following  series  of  reactions: 

R,  COOR        R,  COOH        Ri  R, 

C  ->  C  ->         CHCOOH->  CH-COOR 

/  \  /  \  /  / 

R,  COOR        R,  COOK        R,  R, 

.Hi  Ri  Ri 

\  \  \ 

CHCH,OH  -»•         CHCH,I  ->         CHCH, 

/  /  _/ 

Rj  R  xvj 

This  tedious  method  of  preparation  was  adopted  because 
paraffins  are  freed  from  impurities  with  great  difficulty  and  there- 
fore can  be  obtained  in  a  sufficient  degree  of  purity,  best  by  a  set 
of  reactions  each  simple  in  its  nature  and  when  each  intermediary 
substance  can  be  isolated  and  purified. 

Turning  to  the  oxidation  by  means  of  permanganate  solution 
it  was  found  that  for  5-methyl-nonane  the  conditions  employed 
by  Levenc  and  Cretcher  were  the  most  favorable.  The  higher 
tertiary  hydrocarbons,  however,  were  not  odixized  under  identical 
conditions.  The  failure  may  be  due  to  the  lowering  in  solubility 
of  the  hydrocarbons  with  increase  of  their  molecular  weights.  The 
conditions  for  the  oxidation  of  substances  with  higher  molecular 
weights  will  have  to  be  worked  out. 

Among  the  acids  formed  on  oxidation  of  5-methyl-nonane, 
two  were  identified;  namely,  acetic  and  butyric  acids.  The 
presence  of  some  formic  acid  was  detected.  On  the  basis  of  this, 
the  oxidation  seems  to  progress  in  the  main  as  follows: 

CII3  CH, 

I  1 

CH,(CHJ,  CH  -  (CH2),CH,  ->  CH,(CH2),  CO  +  CH,(CHa),  COOH  -+ 

CH,(CH2),  CO  -  CH,  ->  CH,(CH2)a  COOH  +  CH,  COOH 

General  conclusions  as  to  the  progress  of  oxidation  of  tertiary 
hydrocarbons  will  be  reached  only  after  the  observations  have 
been  extended  to  a  greater  number  of  these  substances. 
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Hydrocarbons. 


Hydrocarbon. 

Boiling  point. 

D4'° 

ND° 

\€ 

so 

No. 

Temperature. 

Pres- 
sure. 

MD 

Calcu- 
lated. 

Found. 

1 
o 

3 
4 
5 

3-Methyl-hcptane. 
3-Methy  1-nonane . 
5-Methy  1-nonane . 
5-Propy  1-nonane . 
5-Methyl-dodecane. 

°C. 

120-122 
165.5-166.5 
164-166     . 
204-205 
225.5-227 

mm. 

755 
751 
755 
763 
758 

0.7069 
0.7354 
0.7319 
0.7559 
0.7576 

1.3980 
1.4126 
1.4116 
1.4228 
1.4244 

39.14 
48.38 
48.38 
57.62 
62.23 

38.92 
48.12 
48.24 
57.25 
62.02 

EXPERIMENTAL. 

All  melting  and  boiling  point  temperatures  recorded  in  the  fol- 
lowing experiments  were  determined  with  standardized  Ansehutz 
thermometers. 

Diethyl  Ethyl-Malonate. — Ethyl  iodide  was  condensed  with 
malonic  ester  in  the  presence  of  sodium  ethylate  as  described  by- 
Conrad.3  The  yield  of  substituted  ester  was  83  per  cent  of  the 
theoretical.     It  boiled  at  206-208°C. 

Diethyl  Butyl-Ethyl-Malonate. — This  ester  was  prepared  by 
the  condensation  of  butyl  iodide  and  diethyl  ethyl-malonate. 
Sodium  (12.2  gm.)  was  dissolved  in  absolute  alcohol  (150  cc.) 
and  the  diethyl  ethyl-malonate  added.  Butyl  iodide  (112  gm.) 
was  then  cautiously  introduced  and  the  solution  boiled  on  the 
water  bath  over  night.  After  the  solution  had  become  neutral, 
most  of  the  alcohol  was  removed  by  distillation.  The  residue  was 
taken  up  in  ether,  filtered  to  remove  the  sodium  iodide,  and  dis- 
tilled. The  ester  boiled  at  128-129°C.  at  7  mm.  The  yield 
was  62  per  cent  of  the  theoretical.  Although  prepared  earlier 
by  Raper4  the  ester  had  not  been  characterized. 


X;°  =  1.4284 


Dc  =  0.9646 

4 

0.0990  gm.  substance:  0.2312  gm.  C02  and  0.0874  gm.  H20. 

C„H2404.    Calculated.    C  63.93,  H  9.84,  M'D°  65.54. 

Found.  "  63.68,  "  9.88,  "     65.13. 


8  Conrad,  M.,  Ann.  Chem.,  1880,  cciv,  134. 
4  Raper,  H.  S.,  J.  Chem.  Soc,  1907,  xci,  1837. 
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ButyUEthylrMalonic  Acid. — For  the  preparation  of  the  a< 
the  above  ester  was  not  isolated  but  was  saponified  by  heatii 
the  solution  in  which  it  was  formed  with  a  large  excess  of  sodiuc^- 
hydroxide.  After  crystallization  from  high  boiling  gasoline,  tbnf 
acid  melted  at  115°C. 

0.1020  gm.  substance:  0.2168  gm.  CO,  and  0.0798  gm.  H,0. 

C9H1604.    Calculated.    C  57.44,  H  8.51. 
Found.  "  57.96,  "  8.74. 

2-EthylrHexylic  Acid. — Butyl-ethyl-malonic  acid   was  heater 
at  180°C.  as  long  as  carbon  dioxide  was  evolved  and  the  residua- 
distilled.    It  boiled  at  228-229°C.  at  755  mm.     Raper4  found  s. 
boiling  point  of  225°C. 

0.1020 gm.  substance:  0.2500 gm.  COj and 0.1028 gm. HiO. 

CjHjeO,.    Calculated.    C  66.66,  H  11.11. 
Found.  "  66.83,  "  11.28. 

Ethyl  2-Ethyl-Hexylate. — The  acid  was  esterified  in  the  usua!L 
manner  with  absolute  alcohol  and  sulfuric  acid.  The  yield  wa^ 
91  per  cent  of  the  theoretical.  The  ester  boiled  at  189-191°C- 
at  766  mm. 

D'4°  -  0.8628  N"  -  1.4128 

0.1006  gm.  substance:  0.2566  gm.  COs  and  0.1040  gm.  H«0. 

CioHsoO,.    Calculated.    C  69.76,  H  11.62,  M"  50.03. 

Found.  "  69.56,  "  11.56,  "    49.69. 

2-EthylrHexanol. — Ethyl  2-ethyl-hexylate  was  reduced  by  means 
of  sodium  and  absolute  alcohol.  The  method  has  been  described 
by  Levene  and  Cretcher.2  The  yield  of  alcohol  was  78  per  cent 
of  the  theoretical  and  in  addition  to  this  10  per  cent  of  the  ester 
was  recovered  as  2-ethyl-hexylic  acid.  The  alcohol  boiled  at  181- 
183°C.  at  743  mm. 

D"  -  0.8328  N'°  =  1.4328 

4  D 

0.1016  gm.  substance:  0.2752  gm.  COs  and  0.1070  gm.  H80. 

C*HlsO.    Calculated.    C  73.85,  H  13.85,  M"  40.67. 

Found.  "  73.86,  "  13.77,  "    40.55. 

2-Ethyl-Hexyl  Iodide. — This  iodide  was  prepared  by  heating 
the  alcohol  (50  gm.)  with  1.1  equivalents  of  iodine  and  an  excess 
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of  red  phosphorus  at  180°C.  for  1  hour.  The  product  was  washed, 
dried,  and  distilled.  The  yield  was  80  per  cent  of  the  theoretical. 
The  iodide  boiled  at  89-90°C.  at  11  mm. 


D"  =  1.3365 

0.2234  gm.  substance :  0.2170  gm.  Ag  I  (Carius) . 

CbHjtI.    Calculated.    I    52.92. 
Found.  "  52.48. 

• 

3-Methyl-Heptane. — The  iodide  was  reduced  in  glacial  acetic 
acid  with  zinc  dust.  The  solution  was  saturated  with  hydrogen 
chloride  and  heated  on  the  water  bath  for  3  days  with  frequent 
introduction  of  small  portions  of  zinc.  The  hydrocarbon  was 
then  distilled  in  a  current  of  steam,  collected  in  ether,  and  dis- 
tilled with  a  fractionating  column.  It  boiled  at  120-122°C. 
at  7o5  mm.  Clarke5  found  117.6°C.  The  yield  was  84  per  cent 
°f  trie  theoretical. 

D'4°  -  0.7069  N"  =  1.3980 

0 .0965  gm.  substance :  0.2994  gin.  C02  and  0.1356  gm.  H,0. 
C>H18.    Calculated.    C  84.21,  H  15.79,  MaD°  39.14. 

Found.  "  84.59,  "  15.72,    "    38.92. 

J^iethyl  1-Methyl-Heptyl-Malonate. — 1-Methyl-heptyl  iodide 
^^s  condensed  with  malonic  ester  (1.25  equivalents)  in  the  usual 
^^x^ner.  The  yield  was  80  per  cent  of  the  theoretical.  The  ester 
koil^d  at  157-158°C.  at  10  mm. 


D'4°  -  0.9496  N"  =  1.4324 

°  -  1016  gm.  substance :  0.2472  gm.  CO*  and  0.0928  gm.  H20. 

CuHm04.    Calculated.    C  66.18,  II  10.29,  M"  74.78. 

Found.  "  66.34,  "  10.22,    "    74.36. 

-*  ^-MethylrHeptyl-Malonic  Acid. — The  ester  was  saponified  with 

***-Tge  excess  of  sodium  hydroxide.     The  acid  was  liberated  from 

j/1^    sodium  salt  with  dilute  hydrochloric  acid.     Since  it  could  not 

^*  *Xiade  to  crystallize,  it  was  collected  in  ether,  dried,  and  the  ether 

^fcxoved  by  distillation.     The  residue  was  converted  into  the 

Oor^esponding  substituted  acetic  acid. 

*  Clarke,  L.,  J.Am.  Chem.Soc.,  1911,  xxxiii,  521. 
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3-MethylrNonylic  Acid. — Crude   1-methyl-heptyl-malonic 
was  heated  at  180°C.  as  long  as  carbon  dioxide  was  evolved, 
residue  was  then  distilled.     It  boiled  at  147-148°C.  at  12  mm. 

D'°  -  0.9012  N"  -  1.4342 

0.0998  gm.  substance :  0.2546  gm.  C02  and  0.1036  gm.  H80. 

C,oH2002.    Calculated.    C  69.77,  H  11.63,  MJJ  49.92. 

Found.  "  69.57,  "  11.61,  "     49.72. 

Ethyl  8-Methyl-Nanylate. — The  acid  was  esterified  in  the  usu. 
manner  with  alcohol  and  sulfuric  acid.     It  boiled  at  115°C. 
13  mm. 

Dso  =  0.8653  X"  =  1.4240. 

4  D 

0.0982  gm.  substance:  0.2598  gm.  C02  and  0.1080  gm.  H20. 

CiiH2402.    Calculated.    C  72.00,  II  12.00,  M"  59.27. 

Found.  "  72.15,  "  12.19,  "     58.98. 

3-MethyUNonanoL — This  alcohol  was  obtained  by  the  reductic 
with  sodium  and  alcohol  of  the  corresponding  ester.  The  yieU 
was  over  90  per  cent.     It  boiled  at  103-103.5°C.  at  9  mm. 

D"  -  0.8342  N"  -  1.4361 

0.1014 gm. substance:  0.2826 gm. C02 and 0.1296 gm. HsO. 

CioH«0.    Calculated.    C  75.94,  H  13.92,  M"  49.91. 

Found.  "  76.00,  "  14.29,  "     49.53. 

3-MethylrNonyl  Iodide. — 3-Methyl-nonanol   was  heated  for 

hour  at  180°C.  with  1.1  equivalents  of  iodine  and  an  excess  of  re< 

phosphorus.     The  iodide  was  then  washed,  dried,  and  distilled 

It  boiled  at  115°C.  at  10  mm.     The  yield  was  90  per  cent  of  th 

theoretical. 

D'4°  =  1.2515 

0.2430 gm.  substance:  0.2130 gm.  Agl  (Carius). 

CioH21I.    Calculated.    I    47.39. 
Found.  "  47.36. 

3-Methyl-Nonane. — This  hydrocarbon  was  prepared  in  the  sanu 
manner  as  the  3-methyl-heptane.  It  distilled  at  165-166.5°C 
at  751  mm. 

D"  =  0.7354  X"  -  1.4126 

4  D 

0.1012  gm.  substance:  0.3140  gm.  C02  and  0.1420  gm.  HsO. 

C0H22.    Calculated.    C  84.51,  H  15.49,  M5D°  48.38. 

Found.  "  84.60,  "    15.70,  «     48.12. 
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2-JButylrHexanol. — 2-Butyl-hexanol  was  prepared  exactly  as 
described  by  Levene  and  Cretcher.2  It  boiled  at  210-212°C.  at 
T31  mm. 

2-ButylrHexyl  Iodide. — The  alcohol  was  heated  at  180°C.  for 
1  bour  with  iodine  and  red  phosphorus,  washed,  dried,  and  dis- 
tilled. The  iodide  boiled  at  115-1 17°C.  at  8  mm.  Levene  and 
Cretcber2  found  a  boiling  point  of  124-125°C.  at  13  mm. 

0.2070  gm.  substance:  0.1830  gm.  Agl  (Carius). 

CioH21I.    Calculated.    I    47.39. 
Found.  "  47.76. 

o-MethylrNonane. — 2-Butyl-hexyl  iodide  was  reduced  with 
zinc  dust  in  glacial  acetic  acid.  The  process  has  already  been 
described.  The  hydrocarbon  boiled  at  164-166°C.  at  755  mm. 
The  boiling  point  found  by  Levene  and  Cretcher2  was  165°C. 
The  yield  was  80  per  cent  of  the  theoretical. 

D'4°  -  0.7319  N'D°  -  1.4116 

°-l  1 16  gm.  substance :  0.3452  gm.  CO*  and  0.1574  gm.  H20. 

Coll.,.    Calculated.    C  84.51,  H  15.49,  M"  48.38. 

Found.  "  84.35,  "  15.78,  "    48.24. 

4-Z2uty1rOctanol. — The  procedure  described  by  Levene  and 
^-retcher8  was  followed  for  the  conversion  of  2-butyl-hexyl  iodide 
1**to  4-butyl-octanol.  The  alcohol  distilled  completely  at  127- 
l30°C.at8mm. 

4*Z2utylr0ctyl  Iodide. — This  iodide- was  prepared  by  heating  the 
^lcohol  with  iodine  and  red  phosphorus  at  180°C.     It  boiled  at 
X45~-146°C.   at   10  mm.    Levene  and  Cretcher2   report    143°C. 
*  8  mm.    The  yield  was  92  per  cent  of  the  theoretical. 

0-^096  gm.  substance:  0.1663  gm.  Agl  (Carius). 

CuH2iI.    Calculated.    I    42.91. 
Found.  "  42.87. 

.j  ^^ropyLNonane. — 4-Butyl-octyl  iodide  was  reduced  with  zinc 
-^IJ8^  in  glacial  acetic  acid.  The  method  has  already  been  described. 
A** e     5-propyl-nonane  boiled  at  204-205°C.  at  763  mm.     The 
lel«i  was  75  per  cent  of  the  theoretical. 

D?  =  0.7559  N"  -  1.4228 

°-l«X)4 gm.  substance:  0.3112 gm.  C02  and 0.1382 gm. H20. 

CuHM.    Calculated.    C  84.71,  H  15.29,  M"  57.62. 

Found.  "  84.52,  "  15.40,  "     57.25. 
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Diethyl  Butyl-Malonale. — This  ester  was  prepared  by  the  « 
densation  of  malonic  ester  and  butyl  iodide  in  the  usual  mann 
It  boiled  at  122°C.  at  12  mm.  Adams  and  Marvel*  found  a  b< 
ing  point  of  144-145°C.  at  40  mm.  The  yield  was  75  per  cent 
the  theoretical. 

D*°  =  0.9745  N"  =  1.4222 

0.0988  gm.  substance :  0.2209  gin.  CO,  and  0.0842  gm.  H,0. 

CnH,o04.    Calculated.    C  61.11,  H  9.26,  M"  56.31. 

Found.  "  60.97,  "  9.53,  "     56.35. 

Diethyl  ButyLHeptylrMalonate. — In  the  usual  manner,  diet! 
butyl-malonate  (1  equivalent)  was  condensed  with  heptyl  iod 
(1.1  equivalents).  The  new  ester  boiled  at  177-178°C.  at  12  nc 
The  yield  was  90  per  cent  of  the  theoretical. 

D"  =  0.9318  N*D°  =  1.4366 

0.1002 gm. substance:  0.2521  gm. COs and 0.1014 gm. HsO. 

Ci8HM04.    Calculated.    C  68.79,  H  10.83,  M*D°  88.63. 

Found.  "  68.61,  "  11.32,  "     88.22. 

ButylrHeptylrMalonic  Acid. — The  ester  was  saponified  by  he 
ing  its  alcoholic  solution  over  night  with  a  large  excess  of  sodi 
hydroxide.  The  acid  crystallized  from  dilute  acetone  in  i 
needles  which  melted  at  117°C. 

0.1014 gm.  substance:  0.2420 gm.  CO, and 0.0924 gm. H20. 
Ci«H2604.    Calculated.    C  65.12,  H  10.08. 
Found.  "  65.08,  "  10.19. 

2-BuLyl-Nonylic  Acid. — Butyl-heptyl-malonic  acid  was  hea* 
at  180°C.  as  long  as  carbon  dioxide  was  evolved  and  the  resic 
distilled.     2-butyl-nonylic  acid  boiled  at  179°C.  at  13  mm. 

D'4°  =  0.8860  N£  =  1.4403 

0.0993  gm.  substance:  0.2661  gm.  CO*  and  0.1098  gm.  H20. 

Ci*HM02.    Calculated.    C  72.90,  H  12.15,  M"  63.77. 

Found.  "  73.08,  "  12.37,  "     63.69. 

Ethyl  2-ButylrNonylate. — The  acid  was  esterified  by  boiling 
alcohol  solution  with  sulfuric  acid.    The  ester  distilled  at  115c 
at  1  mm. 

•  Adams,  R.,  and  Marvel,  C.  S.,  J.  Am.  Chem.  Soc,  1920,  xlii,  310. 
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D^  =  0.8560  N^  =  1.4290 

C.0980  gm.  substance:  0.2674  gm.  CO*  and  0.1088  gm.  H20. 

CiiH,«02.    Calculated.    C  74.38,  H  12.38,  M^-  73.12. 

Found.  "  74.40,  "  12.42,  "    72.89. 

£-Butyl-Nonanol. — The  ester  was  reduced  in  the  usual  manner, 
e  yield  of  alcohol  was  72  per  cent  of  the  theoretical.     Practically 
the  remainder  was  recovered  as  2-butyl-nonylic  acid.    The 
cohol  boiled  at  112-114°C.  at  0.5  mm. 

D'4°  =  0.8359  N"  -  1.4430 

C.1013  gm.  substance :  0.2899  gm.  C02  and  0.1276  gm.  H20. 

CuH«0.    Calculated^.    C  78.00,  H  14.00,  M"  63.76. 

Found.  "  78.06,  "  14.09,  "     63.43. 

2-ButyLNonyl  Iodide. — 2-Butyl-nonanol  was  heated  for  1  hour  at 
180°C.  with  iodine  and  red  phosphorus.  The  product  was  washed 
^ith  sodium  thiosulfate,  dried,  and  distilled.  It  boiled  at  121- 
123°C.  at  0.5  mm. 


0.2116gm.  substance:  0.1602  gm.  Agl  (Carius). 

CijH27I.    Calculated.    1-40.97. 

■n  1  it      in    r\r\ 


Found.  "  40.90. 

'5~MethylrDodecane. — This  hydrocarbon  was  prepared  by  the 
r^dviction  of  the  2-butyl-nonyl  iodide  with  zinc  dust  in  glacial  acetic 
a«d.  It  boiled  at  225.5-227°C.  at  758  mm.  The  yield  was  91 
f^*"    cent  of  the  theoretical. 

D"  -  0.7576  N"  =  1.4244 

°  - 1084  gm.  substance :  0.3354  gm.  C02  and  0.1516  gm.  H20. 

CisHtt.    Calculated.    C  84.78,  H  15.22,  M"  62.23. 

Found.  "  84.37,  "  15.64,  "     62.02. 

^^jcidation  of  5-MethylrNonane. — The  procedure  for  the  oxida- 

XoO.   of  the  hydrocarbon  was  developed  from  that  described  by 

"^ev~ene  and  Cretcher.2    The  material  (5  gm.)  was  shaken  with 

>^O0  cc.  of  a  solution  containing  22.5  gm.  each  of  potassium 

^ei*rnanganate  and  potassium  hydroxide  at  37°C.     The  shaking 

^^•^  continued  for  16  hours.    Hydrogen  peroxide  was  then  added 

7*^il  the  excess  of  permanganate  was  decomposed  and  the  pre- 

Clt>itated  manganese  dioxide  filtered  off.    The  volatile  fatty  acids 

^^i^e  separated  from  the  filtrate  by  acidifying  and  distilling  in  a 
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current  of  steam  asdong  as  the  distillate  was  acid  to  litmus, 
acids  were  neutralized  with  sodium  hydroxide  and  concentn 
under  diminished  pressure  to  a  volume  of  about  15  cc. 

Since  a  preliminary  experiment  showed  that  the  mixture' 
acids  obtained  could  not  be  easily  separated  by  crystallizatioi  ^ 
the  silver  salts,  the  procedure  recommended  by  Crowell7  for  ^ 
separation  of  butyric  and  acetic  acids  was  tested  in  the  follow^  J 
manner:  1  gm.  of  a  mixture  of  2  parts  of  butyric  and  1  part 
acetic  acids  wTas  diluted  to  15  cc,  acidified  with  concentrated  ri  1 
drochloric  acid,  and  washed  into  a  separatory  funnel  with  tv*' 
25  cc.  portions  of  saturated  calcium  chloride  solution,  containir* 
20  gm.  of  potassium  chloride  per  liter,  and  two  25  cc.  portions  <2 
kerosene.  After  shaking,  the  layers  wrere  separated  and  the  kero 
sene  washed  with  10  cc.  of  fresh  calcium  chloride  solution.  Th< 
kerosene  was  then  extracted  with  sodium  hydroxide,  the  alkalin* 
solution  acidified  and  extracted  with  ether.  The  ethereal  solutior 
was  treated  with  a  few  drops  of  ammonium  hydroxide  and  allowec 
to  evaporate  over  night.  The  residue  should  contain  the  am- 
monium salt  of  the  butyric  acid. 

The  calcium  chloride  solution  was  also  extracted  with  ether  and 
the  ammonium  salt  prepared  in  the  same  manner.  The  residue 
should  contain  ammonium  acetate. 

These  ammonium  salts  were  washed  separately  into  flasks  and 
treated  with  saturated  silver  nitrate  solution.  The  precipitates 
formed  were  crystallized  from  small  amounts  of  water  and  analyzed. 

Butyratc  fraction: 

0.1422  gm.  substance  on  ignition :  0.0790  gm.  Ag. 

CJIiOiAg.    Calculated.    Ag  55.4. 
Found.  "    55.6. 

Acetate  fraction: 

0.2216  gm.  substance  on  ignition:  0.1370  gm.  Ag. 

C2H802Ag.    Calculated.    Ag  64.7. 
Found.  "     61.8. 

It  is  apparent  that  butyric  acid  can  be  obtained  in  a  pure  state 
from  such  a  mixture  but  that  acetic  acid  will  be  contaminated 
by  a  comparatively  large  proportion  of  the  higher  fatty  acid. 

The  mixture  of  salts  of  the  fatty  acids  obtained  from  the  oxida- 
tion of  20  gm.  of  5-methyl-nonane  was  therefore  concentrated 

7  Crowell,  R.  D.,  J.  Am.  Chem.  Soc,  1918,  xl,  453. 
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"fco  about  15  cc.  and  fractionated  by  means  of  the  kerosene  ex- 
"fcraction  in  the  presence  of  the  saturated  calcium  chloride  solution. 
"*  -There  were  obtained  1.5  gm.  of  silver  salt  from  the  butyrate  frac- 
:ion  and  1.4  gm.  from  the  acetate  fraction. 
The  butyrate  fraction  was  crystallized  from  water  and,  after 
Bering,  alcohol  added  to  the  mother  liquor.  The  top  fraction 
')  weighed  1.3  gm.  and  the  lower  fraction  (II),  0.1265  gm.  They 
rere  both  analyzed. 

Fraction    I.  0.1014  gm.  substance  on  ignition:  0.0559  gm.  Ag. 

II.  0.1265  "  "  "         "  0.0699  "      " 
C4H702Ag.    Calculated.  Ag  55.4. 

Found,  Fraction    I.     "     55.1. 

II.     "    55.3. 

Fraction  I  was  dissolved  in  dilute  sulfuric  acid,  the  fatty  acid 
^extracted  with  ether,  and  the  ammonium  salt  prepared  as  before. 
^  j;he  residue  was  treated  with  one-half  the  calculated  quantity  of 
ilver  nitrate  and  the  precipitate  (Fraction  la,  0.2  gm.)  filtered 
ff.  A  second  fraction  was  obtained  from  the  filtrate  by  the  ad- 
^cdition  of  an  excess  of  silver  nitrate  (Fraction  16,  0.0519  gm.). 

Fraction  la.  0.1001  gm.  substance  on  ignition:  0.0556  gm.  Ag. 
16.  0.0519  "  "  "  "         0.0283  "      " 

C4H702Ag.    Calculated.  Ag  55.4. 

Found,  Fraction  la.     "     55.5. 

lb.     "     54.5. 

The  butyrate  fraction  was  therefore    practically  pure  silver 
utyrate. 
The  acetate  fraction  was  also  crystallized  from  water.     When 
%he  solution  was  heated  there  was  marked  blackening,  indicating 
"the  presence  of  silver  formate.     Five  fractions  were  obtained: 

Fraction  I,  0.6  gm.;  Fraction  II,  0.3  gm.;  Fraction  III,  0.2  gm.;  Frac- 
tion IV,  0.0104  gm.;  and  Fraction  V,  0.3  gm. 

They  were  all  analyzed: 

Fraction      I.  0.1043  gm.  substance  on  ignition:  0.0639  gm.  Ag. 
II.  0.1008  "  "  "  "  0.0597  "       " 

III.  0.1001   "  "  "  "         0.0583  "       " 

IV.  0.0104  "      "     "    "    0.0063  "   " 
V.  0.1007  "     "     "    "    0.0633  "      " 
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C,H,0,Ag. 

Calculated. 

Ag  64.7. 

C,H,0,Ag. 

<< 

"    59.7. 

C«H70,Ag. 

it 

"    55.4. 

Found,  Fraction 

I. 

"    61.3. 

H                          tt 

11. 

"    59.2. 

tt                          tt 

III. 

"    58.2. 

tt                          tt 

IV. 

"    60.5. 

tt                          tt 

V. 

"    62.9. 

In  order  to  determine  the  amount  of  destruction  of  the  i 
acids  by  permanganate,  both  acetic  and  butyric  acids  were 
arately  subjected  to  the  conditions  of  the  oxidation  of  the  hj 
carbon.  Acetic  acid  was  not  attacked,  since  there  was  no  lo 
permanganate  in  24  hours.     The  butyric  acid  was  slowly  oxidi: 

1  gm.  of  butyric  acid  was  shaken  with  1,500  cc.  of  alkaline 
manganate  for  16  hours  at  37°C.  and  the  fatty  acids  prodi 
isolated  as  before. 

The  butyrate  fraction  weighed  0.15  gm. 

0.1004  gm.  substance  on  ignition:  0.0553  gm.  Ag. 

C4H70|Ag.    Calculated.    Ag  55.4. 
Found.  "    55.1. 

From  the  acetate  fraction  0.4  gm.  were  recovered:  Fracti< 
0.3  gm.;  and  II,  0.1  gm. 

Fraction    I.  0.1004  gm.  substance  on  ignition:  0.0621  gm.  Ag. 
"        II.  0.1047  "  "  "  "         0.0605  "      " 

C,H,0,Ag.    Calculated.  Ag    64.7. 

Found,  Fraction    I.     "    61.9. 

II.     "     57.8. 
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Although  considerable  data  have  been  gathered  on  the  metab- 
olism of  the  ash  constituents,  the  literature  concerning  the 
interrelations  between  calcium  and  magnesium  metabolism  is  very 
limited.  This  experiment  was  undertaken  to  ascertain  whether  an 
increased  intake  of  calcium  would  affect  the  urinary  and  fecal 
excretion  of  magnesium  and  vice  versa,  thus  showing  interrelations 
between  the  metabolism  of  these  two  elements. 

The  injection  of  calcium  salts,  according  to  observations  of 
Mendel  and  Benedict  on. dogs,  cats,  and  rabbits  (1),  was  followed 
by  increased  elimination  of  magnesium  in  the  urine  and  similarly 
the  injection  of  a  magnesium  salt  increased  the  output  of  urinary 
calcium  (2).  Givens  (3)  found  that  the  ingestion  by  human 
subjects  of  calcium  in  the  form  of  raw  milk,  dried  milk,  or  calcium 
lactate  (about  1.5  to  5  gm.)  caused  an  increased  urinary  calcium, 
while  the  ingestion  of  magnesium  citrate  (1  to  2.5  gm.)  apparently 
had  no  effect  on  the  urinary  magnesium.  Calcium  lactate  was  less 
effective  than  milk  in  this  respect.  Underhill,  Honeij,  and  Bogert 
(4)  found  that  the  ingestion  of  calcium  lactate  (2  gm.)  increased 
the  urinary  calcium  but  not  the  urinary  magnesium,  while  the 
same  amount  of  magnesium  citrate  taken  by  mouth  increased  the 
urinary  magnesium  but  not  the  urinary  calcium. 

Malcolm  (5)  has  presented  evidence  to  show  that  ingestion  of 
soluble  magnesium  salts  causes  a  loss  of  calcium  in  adult  dogs  and 

*  The  expenses  of  the  experiments  described  in  this  and  the  two  following 
papers  were  partially  met  by  a  grant  from  the  National  Research  Council. 
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hinders  its  deposition  in  young  rats,  while  soluble  calcium  salts  do 
not  in  the  same  way  promote  the  excretion  of  magnesium.  Under- 
bill, Honeij,  and  Bogert  (4)  found  evidence  to  show  that,  with 
normal  human  subjects  in  negative  calcium  balance,  calcium 
lactate  taken  by  mouth  causes  the  balance  to  become  positive. 
The  negative  balance  was  resumed  upon  the  withdrawal  of  the 
added  calcium.  The  increased  calcium  intake  showed  little  or  no 
influence  upon  the  magnesium  balance.  Increasing  the  intake  of 
magnesium  changed  a  slightly  negative  magnesium  balance  to  a 
strongly  positive  one  without  much  influence  upon  the  calcium 
balance. 

Since  conclusions  as  to  interrelations  between  calcium  and 
magnesium  metabolism  must  be  based  upon  experiments  in  which 
the  intake  has  been  carefully  controlled  and  the  urinary  and  fecal 
output  of  these  two  elements  has  been  accurately  determined,  there 
seemed  need  of  more  extended  metabolic  studies  in  this  field. 
These  investigations  were  carried  out  on  human  subjects  in  the 
hope  that  the  evidence  thus  obtained  would  be  of  greater  useful- 
ness and  interest  than  if  lower  animals  had  been  used  as  subjects. 

EXPERIMENTAL. 

Four  healthy  young  women,  two  teachers,  one  student,  and  one 
secretary,  lived  for  16  days  on  an  absolutely  uniform  diet.  They 
were  weighed  at  the  beginning  of  the  experiment  and  at  the  end  of 
each  4  day  period.  A  record  was  kept  of  any  conditions,  such  as 
digestive  disturbances  or  the  menstrual  period,  which  might  affect 
the  experiment.  A  mixed  diet  was  selected  which  was  expected  to 
satisfy  the  requirements  for  energy,  protein,  and  ash  constituents. 

Sherman1  has  pointed  out  from  the  results  of  nearly  100  experi- 
ments, that  calcium  equilibriiim  can  be  maintained  on  amounts 
ranging  from  0.27  to  0.82  gm.,  with  an  average  of  0.45  gm.  of  cal- 
cium per  70  kilos  of  body  weight  per  day.  While  the  magnesium 
requirement  has  never  been  definitely  stated,  it  is  usually  expected 
that  a  diet  furnishing  sufficient  calcium  will  probably  furnish 
sufficient  magnesium,  since  both  elements  are  found  in  about  the 
same  proportion  in  many  foods. 

1  Sherman,  H.  C,  /.  Biol.  Chem.,  1920,  xliv,  21. 
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The  experimental  diets  furnished  0.266  gm.  of  calcium  and  0.275 

-  of  magnesium  per  day  for  Subjects  A  and  B,  and  0.309  gm. 

calcium  and  0.292  gm.  of  magnesium  for  Subjects  C  and  D.    It 

*s     regrettable  that  the  calcium  intake    fell  slightly  below  the 

"t^-iieoretical  requirement.     On  analysis  of  the  foods  used,  it  was 

that  several  of  these  foods  contained  a  smaller  percentage  of 

!cium  than  had  been  expected  from  the  average  composition  of 

published  by  Sherman.     The  energy  and  protein  contents  of 

diet  were  ample 2  and  the  actual  intake  of  calcium  was  about  90 

cent  of  the  theoretical  requirement. 

The  probability  that  the  loss  of  alkali  earths  through  the 

i  :nt>estine  may  be  increased  by  the  presence  of  large  quantities  of 

,  is  brought  out  by  Givens.3    For  this  reason,  the  fat  in  the  diet 

kept  low  and  uniform  in  amount.     Because  of  the  possibility 

its  affecting  the  calcium  output,  the  amount  of  sodium  chloride 

w*us  also  kept  low  and  uniform. 

The  diet  consisted  of  bread,  butter,  lean  beef,  potatoes,  rice, 

peanut  butter,  apples,  milk,  and  sugar.     All  the  foods  used,  with 

th*e  exception  of  the  bread  and  meat,  were  purchased  at  the  begin- 

nix=*g  of  the  experiment,  to  insure  as  uniform  composition  as  pos- 

si  t>le.    The  bread  was  bought  daily  from  the  same  bakery.     The 

nx^at  was  prepared  at  the  beginning  of  and  twice  during  the 

e>^X=>eriment,  and  a  composite  sample  was  analyzed.     Very  lean 

b^^f,  from  which  practically  all  the  fat  and  connective  tissue  were 

<l*-ssected,  was  used.    After  having  been  ground  and  well  mixed, 

&*    -was  divided  into  100  gm.  portions,  wrapped  in  paraffin  paper 

&xx<l  kept  in  cold  storage.     The  potatoes  were  weighed  after  being 

talced   and   peeled.     The   apples   were   cored   before   weighing. 

Each  person's  daily  supply  of  rice  was  weighed  dry  and  cooked  with 

^«  day's  supply  of  milk  in  an  individual  container  in  a  pressure 

cooker.    Dried  milk  from  the  Merrell-Soule  Company  was  used, 

in  order  to  secure  milk  of  uniform  composition.    The  milk  powder 

w*8  accurately  weighed  out  and  made  up  to  a  definite  dilution  with 

distilled  water.    The  dilution  was  chosen  to  approximate  the 

percentage  composition  of  fresh  milk.     The  butter,  bought  in 

Quantity,  was  melted  by  heating  for  a  short  time  to  40-45°  C.  and 

Subject  D  weighed  more  than  Subject  C  but  her  energy  requirement 
r&s  Jcnown  not  to  exceed  2,200  calories. 
1  Givens,  M.  H.,  /.  Biol.  Chem.,  1917,  xxxi,  441. 
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allowed  to  stand  until  all  the  water  and  solids  had  settled  out. 
The  pure  fat  was  then  siphbned  off  and  filtered.  The  foods  were 
accurately  weighed  and  the  whole  allowance  was  consumed.  As 
far  as  possible  the  foods  were  eaten  from  the  dishes  in  which  they 
were  cooked  to  avoid  loss  in  transfer.  Only  distilled  water  was 
used  for  drinking  and  for  cooking.  Tea  and  coffee  were  used  in 
moderation,  the  calcium  contained  being  considered  negligible. 
An  effort  was  made  to  secure  a  fairly  uniform  intake  of  liquid 
throughout  the  experiment.  Each  subject  consumed  4  gm.  of 
salt  per  day. 

A  calcium-low  diet  was  consumed  for  4  days  prior  to  the  begin- 
ning of  the  experiment  proper,  and  also  at  the  close  of  the  experi- 


TABLE  I. 
Calcium  and  Magnesium  Content  i 

yf  Foods  Used  in 

Diets. 

Food. 

Calcium. 

Magnesium. 

Bread 

per  cent 

0.041 
0.008 
0.004 
0.004 
0.009 
0.033 
0.096 
12.800 

per  cent 

0.029 

Beef 

0.028 

Apples 

0.009 

Potatoes 

0.035 

Rice 

0.035 

Peanut  butter 

0.162 

Milk 

0.016 

Calcium  lactate 

Magnesium  citrate 

12.850 

I 

ment  until  the  last  collection  of  the  feces  was  made.  The 
experimental  period  proper  was  divided  into  four  4  day  periods. 
Period  I  represented  normal  calcium  and  magnesium  intake. 
Period  II  represented  magnesium-high  and  calcium-normal  intake, 
the  magnesium  being  raised  by  adding  to  the  regular  diet  6  gm.  of 
magnesium  citrate  in  three  equal  doses  daily.  Period  III  was 
exactly  like  Period  I.  Period  IV  represented  calcium-high  and 
magnesium-normal  intake,  the  calcium  being  raised  by  adding  to 
the  diet  6  gm.  of  calcium  lactate  in  three  equal  doses  daily. 

The  experimental  periods  were  marked  off  in  the  feces  by  the 
taking  of  carmine  just  before  the  first  meal  of  each  period.  Col- 
lections were  made  in  weighed  pans,  in  which  they  were  later  dried 
to  constant  weight.     The  dried  feces  were  combined  in  periods, 
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ground,  and  thoroughly  mixed.  The  daily  collections  of  urine 
were  measured,  made  acid,  filtered,  and  combined  into  periods. 
Calcium  in  the  urine  and  feces  was  determined  by  the  McCrudden 
method.4  The  magnesium  determinations  and  the  food  analyses 
were  done  according  to  the  Official  Methods  of  Analysis  of  the 
Association  of  Official  Agricultural  Chemists.5  The  calcium  and 
magnesium  content  of  foods  used  in  the  daily  diet  is  given  in  Table 
I.  A  summary  of  the  daily  food  intake  of  the  various  subjects, 
together  with  the  amounts  of  energy,  protein,  fat,  calcium,  and 
magnesium  furnished  by  the  diets,  is  contained  in  Table  II. 


TABLE  II. 

Daily  Food  Intake. 

Food. 

Subjects  A  and  B. 

Subjects  C  and  D. 

Beef 

gm. 

100.0 
195.0 
477.0 

54.2 
149.5 

20.0 

33.0 
144.5 

75.0 

gm. 
100.0 

Bread 

208.0 

Apples 

477.0 

Rice 

75.0 

Potatoes 

149.5 

Butter  fat 

30.0 

Peanut  butter 

33.0 

Milk 

180.6 

Sugar 

75.0 

The  diet  for  Subjects  A  and  B  furnished  2,000  calories,  62  gm.  of  protein, 
48  gm.  of  fat,  0.266  gm.  of  calcium,  and  0.275  gm.  of  magnesium. 

The  diet  for  Subjects  C  and  D  furnished  2,208  calories,  66  gm.  of  protein, 
57  gm.  of  fat,  0.309  gm.  of  calcium,  and  0.292  gm.  of  magnesium. 


DISCUSSION. 

All  the  subjects  remained  in  good  health  and  maintained  their 
weight  throughout  the  experiment.  Subjects  A  and  C  had  some 
trouble  with  constipation.  The  menstrual  period  was  included  for 
all  subjects  but  apparently  had  no  influence  on  the  excretion  of 
calcium  or  magnesium,  which  is  in  accordance  with  the  more 
extended  work  of  Sherman,  Gillett,  and  Pope5  on  the  monthly 

*  McCrudden,  F.  H.,  J.  Biol.  Chem.,  1909-10,  vii,  83;  1911-12,  x,  187. 

•  These  analyses  were  done  at  the  Agricultural  Experiment  Station  of 
the  Kansas  State  Agricultural  College. 

•Sherman,  H.  C,  Gillett,  L.  H.,  and  Pope,  H.  M.,  J.  Biol.  Chem.,  1918, 
xxxiv,  373. 
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metabolism   of  nitrogen,   phosphorus,   and   calcium  in   healthy- 
women. 

In  only  one  instance  was  any  subject  in  positive  calcium  balance 
•  in  either  the  first  or  third  periods,  but  the  negative  balances  were 
very  small,  indicating  that  the  calcium  requirement  had  been 
almost  met.  Judging  from  the  total  excretion  and  the  amount 
of  negative  balance,  the  calcium  requirements  of  the  four  subjects 
would  seem  to  range  from  about  0.27  to  0.42  gm.  per  day.  This 
corresponds  closely  to  the  theoretical  requirements,  based  on 
Sherman's  estimate  of  the  average  calcium  requirement,1  which 
ranged  from  0.30  to  0.36  gm.  per  day. 

On  examination  of  the  magnesium  balances  it  is  apparent  that 
the  magnesium  requirement  was  met  in  every  instance  during  the 
first  or  normal  period.  Based  on  total  excretion  and  positive 
balances  of  the  first  period,  the  magnesium  requirement  of  the 
four  subjects  would  range  from  0.10  to  0.20  gm.  per  day.  This 
would  seem  to  indicate  that  the  magnesium  requirement  of  the 
body  may  be  somewhat  lower  than  the  calcium  requirement. 

Conclusions  concerning  normal  magnesium  metabolism  can  be 
based  only  on  the  first  period,  since  the  greatly  increased  intake 
of  magnesium  during  the  second  period  has  very  evidently  caused 
an  abnormally  high  magnesium  excretion  in  Period  III.  On 
account  of  the  possible  interrelations  between  calcium  and 
magnesium  metabolism,  it  is  impossible  to  consider  the  excretion 
of  calcium  in  Period  II  or  that  of  magnesium  in  Period  IV  as 
normal.  Because  of  these  facts,  Period  I  has  been  taken  as  the 
normal  period  for  comparison  in  drawing  conclusions  with  regard 
to  the  experimental  periods. 

In  considering  the  first  period  alone  (see  Tables  III  and  IV),  two 
of  the  four  subjects  show  urinary  magnesium  to  be  less  than 
urinary  calcium,  while  the  other  two  show  urinary  calcium  to  be 
less  than  urinary  magnesium.  Subjects  A  and  B  were  consistent 
in  the  magnesium  greater  than  calcium  ratio  throughout  the 
experiment,  with  the  exception  of  Subject  B  in  the  last,  period. 
This  was  the  high  calcium  period  and  the  ingestion  of  large  doses 
of  calcium  probably  was  responsible  for  the  disturbance  of  the 
ratio.  Subject  D  shows  urinary  calcium  higher  than  urinary 
magnesium  in  all  four  periods,  while  Subject  C  shows  the  same 
relation  in  all  except  the  second  and  third  periods,  where  the 
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urinary  magnesium  has  been  greatly  increased  by  the  ingestion 
of  the  large  doses  of  magnesium  in  Period  II.  These  results  do 
not  seem  to  be  in  agreement  with  the  statement  of  Givens  (3)  that 
urinary  calcium  is  greater  than  urinary  magnesium  normally  in 
most  cases,  nor  do  they  bear  out  the  1 :1  ratio  suggested  by  several 
writers.  They  tend  to  confirm  the  observations  of  Nelson  and 
Burns  (6),  who  conclude  that  either  calcium  or  magnesium  maybe 

TABLE  III. 
Average  Daily  Intake  and  Gulput  of  Calcium. 


Subject. 

Body 
weight. 

Period. 

Output. 

Intake. 

Balance. 

Urine. 

Feces. 

Total. 

kj. 

gm. 

gm. 

gm. 

gm. 

gm. 

A 

47.3 

Normal 
Mg-high. 
Normal. 
Ca-high. 

0.064 
0.065 
0.072 
0.105 

0.177 
0.185 
0.229 
0.926 

0.241 
0.250 
0.301 
1.031 

0.266 
0.266 
0.266- 
1.035 

+0.025 
+0.016 
-0.035 
+0.004 

B 

51.4 

Normal. 
Mg-high. 
Normal. 
Ca-high. 

0.071 
0.112 
0.077 
0.168 

0.245 
0.215 
0.215 

0.882 

0.316 
0.327 
0.292 
1.050 

0.266 
0.266 
0.266 
1.035 

-0.050 
-0.061 
-0.026 
-0.015 

C 

56.1 

Normal. 
Mg-high. 
Normal. 
Ca-high. 

0.112 
0.169 
0.127 
0.167 

0.244 
0.269 
0.313 
0.599 

0.356 
0.438 
0.440 
0.766 

0.309 
0.309 
0.309 
1.078 

-0.047 
-0.129 
-0.131 
+0.312 

D 

86.8 

Normal. 
Mg-high. 
Normal. 
Ca-high. 

0.167 
0.182 
0.183 
0.246 

0.205 
0.223 
0.183 
0.786 

0.372 
0.405 
0.366 
1 .032 

0.309 
0.309 
0.309 
1.078 

-0.063 
-0.096 
-0.057 
+0.046 

in  excess  in  the  urine,  and  whichever  predominates  does  so  consis- 
tently in  each  individual. 

The  fecal  magnesium  is  less  than  the  fecal  calcium  in  all  four 
cases  during  the  first  period,  the  ratio  varying  from  1 : 1.2  to  1 :2.2. 
The  total  magnesium  excretion  is  less  than  the  total  calcium 
excretion  in  all  four  cases,  the  ratio  varying  from  1:1.2  to  1:1.8. 
This  supports  the  statement  of  Givens  and  Mendel,  (7)  that  cal- 
cium in  the  feces  is  alwa}rs  in  excess  of  magnesium. 
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The  ratio  of  the  magnesium  found  in  the  urine  to  that  foui 
the  feces  varies  from  1:1.1  to  1:2.5,  while  the  ratio  of  uri 
calcium  to  fecal  calcium  varies  from  1 : 1.2  to  1 :3.4.  The  ma 
sium  shows  quite  a  varied  distribution  but  corresponds  ra 
closely  to  the  ratio  of  1:2  as  given  by  Underhill,  Honeij, 
Bogert  (4),  while  the  calcium  distribution  confirms  their  stater 
concerning  a  wide  variation  in  the  relation  of  calcium  in  the  u 
and  feces  of  normal  individuals. 

TABLE  IV. 
Daily  Intake  and  Output  of  Magnesium, 


Subject. 

Body 
weight. 

Period. 

Output. 

Intake. 

Bala: 

Urine. 

Feces. 

Total. 

kg. 

gm. 

gm. 

gm. 

gm. 

gn 

A 

47.3 

Normal. 

0.072 

0.132 

0.204 

0.275 

+0 

Mg-high. 

0.217 

0.385 

0.602 

1.046 

+0 

Normal. 

0.225 

0.376 

0.601 

0.275 

-0 

Ca-high. 

0.123 

0.195 

0.318 

0.275 

-0 

B 

51.4 

Normal. 

• 

0.100 

0.112 

0.212 

0.275 

+0 

Mg-high. 

0.184 

0.617 

0.801 

1.046 

+0 

Normal. 

0.126 

0.187 

0.313 

0.275 

-0. 

Ca-high. 

0.076 

0.164 

0.240 

0.275 

+0. 

C 

56.1 

Normal. 

0.080 

0.113 

0.193 

0.292 

+0. 

Mg-high. 

0.188 

0.633 

0.821 

1.063 

+0. 

Normal. 

0.182 

0.271 

0.453 

0.292 

-0. 

Ca-high. 

0.118 

0.129 

0.247 

0.292 

+0. 

D 

86.8 

Normal. 

0.070 

0.176 

0.246 

0.292 

+0. 

Mg-high. 

0.153 

0.753 

0.906 

1.063 

+0. 

Normal. 

0.090 

0.175 

0.265 

0.292 

+0. 

Ca-high. 

0.067 

0.190 

0.257 

0.292 

+0. 

The  percentage  of  the  calcium  intake  excreted  through  the  f 
in  the  first  three  periods  ranged  from  59  to  101  with  an  averag 
78  per  cent.  The  percentage  of  calcium  intake  excreted  thro 
the  urine  in  the  first  three  periods  ranged  from  24  to  59,  witl 
average  of  40  per  cent  (Table  V).  The  large  percentage 
calcium  excreted  by  way  of  the  urine  is  noteworthy,  especi 
in  Subjects  C  and  D.    The  percentages  of  magnesium  int 
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excreted  by  way  of  the  urine  and  feces  in  the  different  periods  are 
given  in  Table  VI.  Due  to  the  fact  that  the  magnesium  excretion 
was  disturbed  in  a  number  of  cases  for  several  periods  by  the  large 
doses  of  magnesium  citrate  ingested  in  the  second  period,  it 
seems  unwise  to  draw  conclusions  as  to  the  normal  distribution 
of  magnesium  between  urine  and  feces  from  these  figures. 

The  addition  of  6  gm.  of  magnesium  citrate  to  the  regular  diet 
during  the  second  period  increased  the  urinary  and  fecal  magne- 

TABLE  V. 
Distribution  of  Calcium  in  Urine  and  Feces. 


Subject. 

Period  I. 

Period  II. 

Period  III. 

Period  IV. 

gm. 

percent 

gm. 

pei  cent 

gm. 

percent 

gm. 

percent 

A 

Ca  intake. 

0.266 

0.266 

0.266 

1.035 

Urine. 

0.064 

24.1 

0.065 

24 .4 

0.072 

27.0 

0.105 

10.1 

Feces. 

0.177 

66.5 

0.185 

69.6 

0.229 

86.1 

0.926 

89.5 

Total. 

0.241 

90.6 

0.250 

94.0 

0.301 

113.1 

1.031 

99.6 

B 

Ca  intake. 

0.266 

0.266 

0.266 

1.035 

Urine. 

0.071 

26.7 

0.112 

42.1 

0.077 

28.9 

0.168 

16.2 

Feces. 

0.245 

92.1 

0.215 

80.8 

0.215 

80.8 

0.882 

85.2 

Total. 

0.316 

118.8 

0.327 

122.9 

0.292 

109.7 

1.050 

101.4 

C 

Ca  intake. 

0.309 

0.309 

0.309 

1.078 

Urine. 

0.112 

36.2 

0.169 

54.7 

0.127 

41.1 

0.167 

15.5 

Feces. 

0.244 

78.9 

0.269 

87.0 

0.313 

101.3 

0.599 

55.5 

Total. 

0.356 

115.1 

0.438 

141.7 

0.440 

142.4 

0.766 

71.0 

D 

Ca  intake. 

0.309 

0.309 

0.309 

1.078 

Urine. 

0.167 

54.0 

0.182 

58.9 

0.183 

59.2 

0.246 

22.8 

Feces. 

0.205 

66.3 

0.223 

72.2 

0.183 

59.2 

0.786 

72.9 

Total. 

0.372 

120.3 

0.405 

131.1 

0.366 

118.4 

1.032 

95.7 

sium  in  all  four  cases  to  quite  an  appreciable  degree.  The  per- 
centage of  increase,  based  on  the  first  or  normal  period,  varied  from 
80  to  200  in  the  urine  and  from  190  to  460  in  the  feces.  This  same 
period  of  high  magnesium  intake  showed  an  increase  in  the  urinary 
calcium  in  three  out  of  four  cases,  the  increase  ranging  from  9  to 
57  per  cent.  The  fecal  calcium  was  also  increased  by  the  added 
magnesium  in  three  out  of  four  cases,  but  to  a  lesser  degree,  the 
percentage  increase  ranging  from  4.5  to  10.  The  total  calcium 
excretion  of  this  period,  however,  was  increased  in  all  four  cases, 
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the  percentage  of  increase  varying  from  3.3  to  23  per  cent.  Tt  is 
interesting  to  note  that  Subject  B,  who  showed  a  slight  loss  in  fecal 
calcium  during  this  period  of  high  magnesium  intake,  showed  the 
largest  percentage  gain  in  urinary  calcium  during  this  same  period, 
indicating  that,  in  this  subject,  the  increased  calcium  output  was 
excreted  chiefly  through  the  urine.  Contrary  to  the  results  of 
Givens  (3),  who  was  unable  to  get  an  increased  urinary  output  of 
magnesium  by  the  ingestion  of  magnesium  citrate,  the  results  of 

TABLE  VI. 
Distribution  of  Magnesium  in  Urine  and  Feces. 


Subject. 

Period  I. 

Period  II. 

Period  III. 

Period  IV. 

gm. 

per  cent 

gm. 

percent 

gm. 

percent 

gm. 

percent 

A 

Mg  intake. 

0.275 

1.046 

0.275 

0.275 

Urine. 

0.072 

26.2 

0.217 

20.7 

0.225 

81.8 

0.123 

44.7 

Feces. 

0 .  132 

48.0 

0.385 

36.8 

0.376 

136.7 

0.195 

70.9 

Total. 

0.204 

74.2 

0.602 

57.5 

0.601 

218.5 

0.318 

115.6 

B 

Mg  intake. 

0.275 

1.046 

0.275 

0.275 

Urine. 

0.100 

36.3 

0.184 

17.6 

0.126 

45.8 

0.076 

27.6 

Feces. 

0.112 

40.7 

0.617 

58.9 

0.187 

68.0 

0.164 

59.6 

Total. 

0.212 

77.0 

0.801 

76.5 

0.313 

113.8 

0.240 

87.2 

C 

Mg  intake. 

0.292 

1.063 

0.292 

0.292 

Urine. 

0.080 

27.4 

0.188 

17.7 

0.182 

62.3 

0.118 

42.9 

Feces. 

0.113 

38.6 

0.633 

59.5 

0.271 

92.7 

0.129 

46.9 

Total. 

0.193 

66.0 

0.821 

77.2 

0.453 

155.0 

0.247 

89.8 

D 

Mg  intake. 

0.292 

1.063 

0.292 

0.292 

Urine. 

0.070 

23.9 

0.153 

14.4 

0.090 

30.7 

0.067 

24.3 

Feces. 

0.176 

60.2 

0.753 

70.8 

0.175 

59.9 

0.190 

69.1 

Total. 

0.246 

84.1 

0.906 

85.2 

0.265 

90.6 

0.257 

93.4 

this  experiment  show  an  increase  in  every  case  (Table  IV).  This 
difference  can  perhaps  be  accounted  for  by  the  fact  that  the  doses 
of  magnesium  which  Givens  gave  were  comparatively  small  (1  to 
2.5  gm.).  However,  Underhill,  Honeij,  and  Bogert  (4)  found  an 
increased  urinary  magnesium  after  the  ingestion  of  only  2  gm.  of 
magnesium  citrate. 

With  regard  to  the  effects  of  the  addition  of  calcium  lactate  to 
the  experimental  diet,  in  doses  of  2  gm.  each  three  times  a  day 
during  the  last  period,  it  can  be  seen  by  consulting  Table  III,  that 
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the  urinary  and  fecal  calciums  were  raised  very  noticeably  in  every 
case.  The  urinary  increase  ranged  from  31  to  128  per  cent  above 
that  of  the  first  or  normal  period,  and  the  fecal  increase  from  145 
to  432  per  cent.  It  is  a  little  difficult  to  interpret  the  effects  of  the 
added  calcium  intake  of  Period  IV  on  the  magnesium  output  of 
this  period,  because  the  high  magnesium  intake  of  Period  II  seems 
to  have  kept  both  the  urinary  and  fecal  magnesium  output  abnor- 
mally high  in  Period  III  as  well  as  in  Period  II,  especially  in 
Subjects  A  and  C.  However,  it  is  evident  that  the  urinary  magne- 
sium in  Period  IV  was  decidedly  increased  above  that  of  Period  I 
in  Subjects  A  and  C,  remained  practically  constant  for  Subject  D, 
and  was  somewhat  lowered  for  Subject  B.  The  probable  inter- 
relation between  calcium  intake  and  magnesium  output  is  seen 
more  clearly  in  the  fecal  magnesium  which  showed  an  increase 
over  that  of  Period  I  in  every  case,  while  the  total  magnesium 
output  also  showed  an  increase  in  every  case,  ranging  from  4.5 
to  56  per  cent.  These  results  confirm  the  work  of  Mendel  and 
Benedict  (2),  wrho  found  the  injection  of  magnesium  salts  to  cause 
increased  urinary  calcium,  and  agree  in  part  with  their  results 
that  the  injection  of  calcium  salts  causes  increased  urinary  mag- 
nesium (1).  Neither  Givens  (3)  nor  Underbill,  Honeij,  and  Bogert 
(4)  were  able  to  produce  increased  urinary  magnesium  by  the 
addition  of  calcium  lactate  to  the  diet. 

CONCLUSIONS. 

1.  The  addition  of  6  gm.  of  magnesium  citrate  per  day  to  the 
experimental  diet  increased  the  urinary  and  fecal  magnesium  in  all 
four  cases.  The  added  magnesium  also  increased  the  urinary  and 
fecal  calcium  in  three  out  of  four  cases,  and  the  total  calcium  excre- 
tion in  all  four  cases. 

2.  The  addition  of  G  gm.  of  calcium  lactate  per  day  to  the  experi- 
mental diet  lead  to  decided  increases  in  both  urinary  and  fecal  calcium 
in  all  four  cases.  It  seemed  to  result  in  increased  urinary  mag- 
nesium in  two  instances  and  in  a  slightly  increased  fecal  and  total 
magnesium  output  in  all  four  subjects,  although  possible  after 
effects  of  the  magnesium  citrate  taken  in  Period  II  make  it 
impossible  to  draw  definite  conclusions  as  to  the  influence  of  the 
calcium  lactate  upon  magnesium  metabolism. 
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STUDIES  IN  INORGANIC  METABOLISM. 

H.  THE  EFFECTS  OF  ACID-FORMING  AND  BASE-FORMING  DIETS 

UPON  CALCIUM  METABOLISM. 

By  L.  JEAN  BOGERT  and  ELIZABETH  E.  KIRKPATRICK. 

{From  the  Department  of  Food  Economics  and  Nutrition,  Kansas  State 

Agricultural  College,  Manhattan.) 

(Received  for  publication,  July  14,  1922.) 

Although  the  importance  of  calcium  in  nutrition  and  the 
common  nutritional  disturbances  due  to  calcium  deficiency  are 
well  established  facts,  the  conditions  which  affect  the  retention  of 
calcium  in  the  body  are  imperfectly  understood.  One  phase  of 
this  subject,  which  is  still  in  the  experimental  stage,  is  the  effect 
which  acid  and  base  have  upon  calcium  retention.  Several  experi- 
ments have  been  performed  adding  acid  or  base  to  the  diet,  others 
in  which  acid-forming  or  base-forming  rations  were  fed,  but  of 
the  latter  only  a  few  were  done  quantitatively  or  with  human 
subjects.  Futhermore,  the  results  obtained  have  often  been  of 
a  conflicting  or  doubtful  nature. 

Steenbock,  Nelson,  and  Hart  (1)  found  that  high  ingestion  of 
acid-forming  foods  appeared  to  cause  decalcification  of  the  bones 
in  calves  and  swine,  although  such  rations  produced  no  serious 
effects  upon  growth  and  reproduction.  Another  experiment, 
showing  the  effect  of  an  acid-forming  diet,  was  carried  on  by 
Chalmers  Watson,1  who  found  that  animals,  which  were  fed  on  an 
exclusive  meat  diet,  developed  an  appearance  of  delayed  and 
imperfect  ossification  with  increased  vascularity  in  the  bones. 
D.  Forsyth1  found  that  domestic  fowls  remained  healthy  after  being 
fed  from  11  months  to  2  years  upon  meat,  supplemented  by  lime; 
and  rats  fed  solely  on  meat  were  reported  by  E.  J.  Spriggs1  to  have 
rough  and  abnormal  coats,  which  improved  almost  to  normal 
when  lime  was  added  to  the  diet.    Rations,  which  did  not  provide 

1  Reviewed  by  Forbes  (2). 
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enough  mineral  bases  to  neutralize  the  acids,  caused  malnutrition 
of  the  bones  of  swine  in  experiments  by  Forbes  (2),  while  the  addi- 
tion of  glycerophosphates  of  the  same  mineral  bases  overcame  the 
the  bad  effect  by  neutralizing  the  excess  acid.  He  attributed  to 
the  same  cause  the  pathological  conditions  and  decrease  in  growth 
of  bone  and  muscle,  which  resulted  when,  in  earlier  experiments, 
he  fed  large  amounts  of  water  extract  of  wheat,  which  contained 
an  excess  of  acid-forming  mineral  elements.  He  also  called  atten- 
tion (2)  to  the  experiments  of  Weiske  in  which  prolonged  feeding 
of  cereals  reduced  the  amount  of  calcium  in  the  bones  of  herbivora. 

Sherman  (3)  found  that,  when  lean  beef  was  added  to  a  diet 
on  which  calcium  equilibrium  had  been  established,  a  negative 
calcium  balance  resulted.  However,  he  did  not  attribute  the 
loss  of  calcium  to  the  preponderance  of  acid-forming  food  in 
the  diet  because  of  a  previous  experiment,*  which  did  not  indicate 
any  definite  relation  between  an  excess  of  acid-  or  base-forming 
foods  and  the  calcium  needed  for  maintenance.  In  this  experi- 
ment, one  subject  showed  an  average  excretion  of  0.08  gm.  of 
calcium  per  day  on  a  diet  which  yielded  a  strong  preponderance 
of  acid-forming  elements,  while  on  a  "balanced"  diet  the  same 
subject  excreted  0.10  gm.  of  calcium  per  day. 

Dubois  and  Stolte3  were  the  first  to  study  the  effect  of  alkali 
on  the  retention  of  calcium  in  infancy.  They  believed  that  the 
favorable  affect  of  Keller's  malt  soup  upon  calcium  retention  was 
due  to  its  alkali  content.  The  addition  of  alkali  to  milk  was  found 
by  Sato  (4),  however,  to  produce  an  unfavorable  effect  upon  in- 
fants. He  gave  malt  extract  alone  with  a  beneficial  effect  upon 
calcium  retention  but,  when  he  added  a  considerable  amount  of 
alkali  to  the  malt  extract,  it  seemed  to  have  an  unfavorable 
influence  upon  the  calcium  balance.  He  stated  that  probably 
ammonia  is  much  more  readily  available  than  calcium  for  the 
neutralization  of  acids  in  the  body. 

EXPERIMENTAL. 

The  metabolism  experiments  described  in  this  paper  were  car- 
ried out  to  investigate  the  effects  of  acid-forming  and  base-forming 

2  Sherman.  II.  C,  Gillett,  L.  H.,  and  Pope,  H.  M.,  /.  Biol.  Chem.,  1918, 
xxxiv,  373. 

8  Dubois,  M.,  and  Stolte,  K.,  Jahrb.  Kinderh.,  1913,  lxxvii,  21. 
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diets  upon  calcium  excretion  in  human  subjects.  The  subjects 
were  four  normal  women,  three  college  students  and  one  librarian. 
All  of  the  food  eaten  was  carefully  weighed  and  its  calcium  content 
determined,  while  quantitative  determinations  were  made  of  the 
amounts  of  calcium  in  the  feces  and  urine.  The  technique  of 
collection  of  excreta  and  of  methods  of  analysis  used  will  be  found 
in  the  preceding  paper,4  which  also  contains  descriptions  of  the 
foods  used,  their  preparation,  and  weighing.  The  same  foods 
constituted  the  diet  of  the  subjects  of  this  experiment,  with  the 
addition  of  peas  and  eggs.  The  canned  peas  were  thoroughly 
drained  before  weighing.  The  eggs  were  boiled  hard  in  the  shell 
and  the  whites  and  yolks  weighed  separately. 

The  experimental  period  of  16  days  was  divided  into  four  periods 
of  4  days  each.  It  was  preceded  by  a  4  day  period  of  calcium-low 
diet;  the  same  calcium-low  diet  was  taken  in  the  after  period  until 
the  last  marker  appeared  in  the  feces.  In  the  first  and  third 
periods,  the  diets  were  selected  so  that  the  excess  of  base  furnished 
by  certain  foods  was  practically  balanced  by  the  excess  of  acid 
supplied  by  the  other  foods.  The  diet  of  the  second  period  con- 
sisted almost  entirely  of  base-forming  foods  and  that  of  the  fourth, 
of  acid-forming  foods.  The  data  for  the  acidity  or  alkalinity  of  the 
foods  were  taken  from  Sherman's  tables,6  which  express  the  excess 
of  acid  or  base  in  cubic  centimeters  of  normal  solution.  The 
balanced  diet  consisted  of  beef,  peanut  butter,  bread,  rice,  pota- 
toes, milk,  apples,  butter  fat,  and  sugar;  the  base  diet,  of  apples, 
milk,  peas,  potatoes,  peanut  butter,  and  sugar;  and  the  acid  diet, 
of  bread,  rice,  eggs,  milk,  butter  fat,  and  sugar. 

The  diets  were  planned  to  meet  the  requirements  for  energy, 
protein,  and  calcium  and  to  yield  uniform  amounts  of  energy, 
protein,  calcium,  and  fat  in  all  four  periods.  The  calcium  require- 
ments of  the  subjects,  estimated  from  Sherman's  figure  (3)  of  0.45 
gm.  per  day  per  70  kilos  of  body  weight,  ranged  from  0.31  to  0.37 
gm.  Unfortunately,  the  amount  of  calcium  in  some  of  the  foods 
(see  Table  I)  was  found  on  analysis  to  vary  from  the  average 
figures  given  by  Sherman,6  so  that  the  intake  of  calcium  not  only 

4  Bogert,  L.  J.,  and  McKittrick,  E.  J.,  J.  Biol.  Chem.,  1922,  liv,  363. 
«  Sherman,  H.  C,  and  Gettler,  A.  O.,  J.  Biol.  Chem.,  1912,  xi,  329. 
8  Sherman,  H.  C,  Chemistry  of  food  and  nutrition,  New  York,  2nd 
edition,  1919,  421. 
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was  somewhat  below  the  theoretical  requirement,  but  was  not  as 
nearly  constant  as  had  been  expected.  The  average  percentages  of 
the  theoretical  calcium  requirement  furnished  by  the  diets  were  as 
follows: 

percent 

Balanced  diet,  Periods  I  and  III 80.6 

Basic  diet,  Period  II 70.4 

Acid  diet,  Period  IV 91 .6 

TABLE  I. 

Calcium  Content  of  Foods  Used  in  Diets. 


Food. 


Bread 

Beef 

Apples 

Potatoes,  baked 

Rice,  uncooked 

Peanut  butter 

Peas 

Egg  yolk 

Egg  white 

Milk,  Klim  (whole  milk) 


Calcium. 


per  cent 

0.0410 

0.0078 

0.004 

0.004 

0.009 

0.033 

0.032 

0.1029 

0.0092 

0.0958 


TABLE  II. 

Daily  Food  Intake. 


Food. 

Subjects  E  and  F. 

Subjects  G  and  H. 

Periods 
I  and  III. 

Period 
II. 

Period 
IV. 

Periods 
I  and  in. 

Period 

n. 

Period 
IV. 

Beef 

gm. 

100.0 

48.0 
25.8 

175.5 
71.0 
82.0 
80.0 

477.0 

180.0 

gm. 

112.0 

350.0 
116.0 
510.0 
307.6 
95.0 

gm. 

130.0 
120.0 

13.0 
160.0 
150.0 

135.0 
120.0 

gm. 
100.0 

45.0 

16.0 
135.0 

86.0 
135.0 

72.0 
432.0 

140.0 

gm. 

105.0 

290.0 
101.0 
422.0 
307.6 
64.5 

gm. 

Eee  white 

130.0 

Eee  yolk....- 

97.0 

Peanut  butter 

Butter  fat 

10.0 

Bread 

160.0 

Rice 

150.0 

Potato 

Sugar 

107.0 

Apples 

Peas 

Milk 

100.0 
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TABLE  III. 

Composition  of  Diets. 


Period. 


Calories. 


Protein. 


Fat. 


Calcium. 


Excess*  of 


Base. 


Acid. 


Subjects  E  and  F. 

gm. 

gm. 

gm. 

cc. 

cc. 

I  and  III 

2,221.8 

67.6 

61.2 

0.297 

29.46 

31.61 

II 

2,182.5 

65.1 

59.4 

0.260 

59.90 

4.73 

IV 

2,185.9 

65.9 

60.7 

0.319 

2.27 

62.14 

Subjects  G  and  H. 


1,968.0 
1,946.3 
1,944.8 

63.5 
59.8 
61.4 

47.8 
54.5 
48.9 

0.242 
0.223 
0.287 

28.27 

49.99 

1.79 

30.09 

4.43 

56.31 


*  Potential  acidity  or  alkalinity  is  expressed  in  cubic  centimeters  of 
formal  solution. 

TABLE  IV. 
Average  Daily  Intake  and  Output  of  Calcium. 


Subject. 

Body 
weight. 

Period. 

Output. 

Intake. 

Balance. 

Urine. 

Feces. 

Total. 

kg. 

gm. 

gm. 

gm. 

gm. 

gm. 

E 

55.1 

Balanced. 

0.086 

0.303 

0.389 

0.297 

-0.092 

Basic. 

0.046 

0.344 

0.390 

0.260 

-0.130 

Balanced. 

0.075 

0.223 

0.298 

0.297 

-0.001 

Acid. 

0.137 

0.338 

0.475 

0.319 

-0.156 

F 

57.4 

Balanced. 

0.137 

0.236 

0.373 

0.297 

-0.076 

Basic. 

0.116 

0.241 

0.357 

0.260 

-0.097 

Balanced. 

0.183 

0.157 

0.340 

0.297 

-0.043 

Acid. 

0.231 

0.197 

0.428 

0.319 

-0.109 

G 

48.8 

Balanced. 

0.074 

0.276 

0.350 

0.242 

-0.108 

Basic. 

0.039 

0.275 

0.314 

0.223 

-0.091 

Balanced. 

0.123 

0.303 

0.426 

0.242 

-0.184 

Acid. 

0.086 

0.240 

0.326 

0.287 

-0.039 

H 

48.3 

Balanced. 

0.101 

0.300 

0.401 

0.242 

-0.159 

Basic. 

0.065 

0.273 

0.338 

0.223 

-0.115 

Balanced. 

0.097 

0.200 

0.297 

0.242 

-0.055 

Acid. 

0.138 

0.207 

0.345 

0.287 

-0.058 
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The  detailed  composition  of  the  diets  used  is  shown  in  Tables  II 
and  III.  The  data  obtained  from  the  analysis  of  the  excreta  are 
presented  in  Tables  IV,  V,  and  VI. 


DISCUSSION. 

All  the  subjects  were  in  good  health  and  continued  so  throughout 
the  experiment  with  the  exception  of  Subject  G,  who  experienced 
some  digestive  difficulty  as  a  result  of  the  diet  in  Period  II.     Their 

table  v. 

Relative  Amounts  of  Calcium  Excreted  in  Urine  and  Feces. 


Subject. 

Period. 

Urine. 

Feces. 

percent 

per  cent 

E 

I 

22.3 

77.7 

II 

11.9 

88.1 

III 

25.1 

74.9 

IV 

2S.8 

71.2 

F 

I 

36.6 

63.4 

II 

32.5 

67.5 

III 

53.8 

46.2 

IV 

53.9 

46.1 

G 

I 

21.0 

79.0 

II 

12.3 

87.7 

III 

28.7 

71.3 

IV 

26.4 

73.6 

H 

I 

25.1 

74.9 

II 

19.3 

80.7 

III 

32.5 

67.5 

IV 

40.7 

59.3 

weights  remained  almost  constant.  The  menstrual  period  for  all 
four  subjects  was  included  during  the  experiment,  but  did  not  seem 
to  affect  the  calcium  output. 

Owing  to  differences  between  the  actual  percentages  of  calcium 
in  the  foods  used  and  the  average  percentages  upon  which  the 
dietaries  were  planned,  the  intake  was  lower  than  the  theoretical 
requirement  and  all  the  subjects  showed  negative  calcium  balance 
throughout  the  experiment.    The  most  unfortunate  effect  of  the 
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variations  in  the  calcium  composition  of  the  foods  used  was  the 
fatct  that  the  total  intake  of  calcium  varied  instead  of  being, 
practically  constant,  as  planned.  The  calcium  intake  was  high- 
est during  the  acid-forming  diets,  while  the  base-forming  diete 
furnished  considerably  less  calcium  than  the  other  diets.  As 
h.SL8  been  previously  noted,  the  acid-forming  diets  furnished 
*i>out  90  per  cent,  the  balanced  diets  about  80  per  cent,  and  the 

TABLE  VI. 
Comparison  of  Calcium  Deficiency  of  the  Diet  With  the  Calcium  Balance. 


Subject. 


Period. 


I 

II 

III 

IV 

I 

II 

III 

IV 

I 

II 

III 

IV 

I 

II 

III 

IV 


Require- 
ment. 


gm. 
0.354 


0.369 


0.311 


0.310 


Intake. 


gm. 

0.297 
0.260 
0.297 
0.319 

0.297 
0.260 
0.297 
0.319 

0.242 
0.223 
0.242 
0.287 

0.242 
0.223 
0.242 
0.287 


Output. 


gm. 

0.389 
0.390 
0.298 
0.475 

0.373 
0.357 
0.340 
0.428 

0.350 
0.314 
0.426 
0.326 

0.401 
0.338 
0.297 
0.345 


Balance. 


gm. 

0.092 
■0.130 
■0.001 
-0.156 

0.076 

•0.097 

0.043 

■0.109 

0.108 
0.091 
0.184 
0.039 

0.159 
0.115 
0.055 
0.058 


Deficiency 
in  diet. 


gm. 

0  057 
0.094 
0.057 
0.035 

0.072 
0.109 
0.072 
0.050 

0.069 
0.088 
0.069 
0.024 

0.068 
0.087 
0.068 
0  023 


Balance 

minus 

deficiency 

of  diet. 


gm. 

-0.035 
-0.036 
+0.056 
-0.121 

-0.004 
+0.012 
+0.029 
-0.059 

-0.039 
-0.003 
-0.115 
-0.015 

-0.091 
-0.028 
+0.013 
-0.035 


diets  about  70  per  cent  of  the  theoretical  calcium 
.Viirement. 

In  Table  VI  is  shown  the  result  of  subtracting  the  calcium 

^ficiency  of  the  diet  from  the  calcium  balance.    Some  of  the 

r**^c\i88ion  of  data  is  based  upon  the  theory  that  this  difference 

^^tr^reen  the  dietary  calcium  deficiency  and  the  calcium  balance 

^^X>i"esents  what  the  balance  might  have  been  if  the  theoretical 

^^leium  requirement  had  been  met.    There  is  also  the  possibility 

*l*a,t  the  calcium  furnished  by  the  different  diets  may  not  have 
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been  equally  well  assimilated.  This  might  be  expected  especially 
in  the  base-forming  diets  of  Period  II,  since  peas  formed  so  large 
a  part  of  these  diets  and  the  nitrogen  of  this  food  has  been  shown 
to  be  poorly  utilized.  Although  the  number  of  stools  was  increased 
during  this  period  and  the  feces  were  somewhat  more  loose,  no 
actual  diarrhea  was  produced  (with  the  possible  exception  of  Sub- 
ject G),  and  the  calcium  balances  do  not  warrant  the  conclusion 
that  the  calcium  of  the  food  was  more  poorly  utilized  on  this  diet. 

It  might  have  been  expected,  since  the  diets  for  Periods  I 
and  III  were  the  same,  that  the  calcium  balances  would  have  been 
approximately  the  same  in  these  two  periods,  but  reference  to 
Table  IV  will  show  that  three  subjects  had  appreciably  smaller 
negative  calcium  balances  in  the  third  than  in  the  first  period. 
The  reason  for  this  difference  may  be  that  during  the  first  period, 
in  spite  of  the  low  calcium  fore  period  of  4  days,  the  body  was  not 
yet  adjusted  to  the  small  calcium  intake,  while  by  the  third  period 
calcium  metabolism  had  more  nearly  reached  a  minimum  amount. 
On  the  other  hand,  the  lower  output  of  calcium  on  the  balanced 
diet  of  Period  III  might  be  attributed  to  after  effects  of  the  base- 
forming  diet  of  Period  II,  when  the  calcium  intake  was  lower. 
Because  of  the  impossibility  of  determining  which  of  the  two 
periods  on  a  balanced  diet  represents  a  true  normal  for  purposes  of 
comparison,  it  was  thought  wiser  in  interpreting  the  data  to  com- 
pare the  calcium  excretion  and  balances  in  the  period  on  the  base- 
forming  diet  (Period  II)  and  the  period  on  the  acid-forming  diet 
(Period  IV)  with  those  of  the  balanced  period  immediately  preced- 
ing each,  rather  than  with  an  average  of  Periods  I  and  III. 

The  urinary  calcium  was  considerably  lower,  in  every  case,  in 
the  period  on  the  base-forming  diet  than  in  the  preceding  period 
on  a  balanced  diet  (Table  IV).  Moreover,  the  amount  of  calcium 
excreted  in  the  uriDe  during  the  final  period,  when  an  acid-forming 
diet  was  consumed,  was  decidedly  higher  than  that  excreted  in  the 
preceding  period,  except  in  the  case  of  Subject  G.  Since  this 
subject  had  difficulty  in  recovering  from  the  digestive  disturbance 
caused  by  the  diet  of  the  second  period,  the  high  calcium  excretion 
which  she  showed  in  Period  III  may  be  attributable  to  after 
effects  of  the  previous  diet.  The  large  amount  of  the  urinary 
calcium  of  Subject  G  in  Period  III  may  be  partly  accounted  for 
by  a  greatly  increased  volume  of  the  urine  in  this  period.     In  any 
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event,  the  abnormal  condition  of  this  subject  during  the  latter 
half  of  the  experimental  period  seemed  to  offer  probable  explana- 
tion of  the  exception  which  she  showed  to  the  usual  effects  of  an 
acid-forming  diet,  as  shown  in  the  other  three  subjects. 

The  effects  of  the  acid-forming  and  base-forming  diets  upon  fecal 
calcium  were  not  so  apparent  as  their  influence  upon  the  urinary 
calcium.  In  Subjects  E  and  F,  the  calcium  output  in  the  feces 
was  higher  in  both  the  basic  and  acid  periods  than  it  was  in  the 
periods  on  the  balanced  diet  which  preceded  each.  Subject  G 
had  almost  the  same  fecal  calcium  in  the  basic  period  as  in  the 
balanced,  but  the  calcium  in  the  feces  was  decreased  during  the 
acid  period.  Subject  H  was  like  Subjects  E  and  F  in  that  the 
output  of  calcium  rose  in  the  acid  period,  but  differed  from  them  in 
showing  a  decrease  instead  of  an  increase  in  fecal  calcium  in  the 
period  on  the  base-forming  diet. 

Although  the  actual  amount  of  calcium  excreted  in  the  feces  was 
not  so  uniformly  affected  by  the  acid-  and  base-forming  diets,  it 
is  clear  that  the  base-forming  diet  tended  to  divert  calcium  from 
the  urine  to  the  feces,  while  the  acid-forming  diet  had  the  opposite 
effect  of  increasing  the  percentage  of  the  calcium  output  excreted 
in  the  urine  and  decreasing  it  in  the  feces.  Table  V  shows  the 
percentage  distribution  of  calcium  output  between  the  urine  and 
feces.  It  will  be  seen  that,  in  every  case,  the  per  cent  of  calcium 
excreted  in  the  urine  was  decreased  and  the  per  cent  excreted  by 
the  feces  increased  in  the  second  period.  The  effect  of  the  acid- 
forming  diet  in  increasing  the  per  cent  of  calcium  excreted  by  way 
of  the  urine  and  decreasing  fecal  calcium  is  clear  in  two  instances. 
In  the  other  two  subjects,  this  effect  is  only  to  be  noted  in  case  the 
figures  for  Period  IV  are  compared  with  those  of  Periods  I  or  II. 
These  facts,  and  the  additional  observation,  that  the  base-forming 
diet  had  a  greater  effect  in  changing  the  route  of  calcium  excretion 
than  the  acid-forming  diet,  are  apparent  from  the  following 
figures  compiled  from  Table  V: 


Calcium. 

Balanced  diet. 

Base-forming  diet. 

Acid-forming  diet. 

Range. 

Average. 

Range. 

Average. 

Range. 

Average. 

Fecal 

per  cent 

21-54 
46-79 

per  cent 

30 
70 

per  cent 

12-32 
67-88 

per  cent 

19 
81 

per  cent 

26-54 
46-74 

per  cent 

37 
63 
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It  is  interesting  to  note  that  the  amount  of  calcium  excreted  by 
way  of  the  urine  may  be  even  greater  than  the  amount  in  the  faces. 
The  average  distribution  between  urine  and  feces  on  a  balanced 
diet  corresponds  very  closely  to  that  often  given  (3:7). 

The  effects  of  the  acid-forming  and  base-forming  diets  upon  the 
total  calcium  output  were  similar  to  their  effects  upon  urinary 
calcium,  since  the  basic  period  showed  a  decrease  and  the  acid 
period  an  increase  in  the  total  calcium  excretion  in  three  out  of 
four  cases.  In  Subject  E,  the  output  in  the  basic  period  was  the 
same  as  in  the  preceding  balanced  period,  and  the  output  in  Sub- 
ject G,  who  was  known  to  be  in  an  abnormal  condition,  was  low- 
ered in  the  acid  period. 

Since  the  intake  of  calcium  was  appreciably  lower  in  the  basic 
period  and  somewhat  higher  in  the  acid  period,  the  calcium  balance 
must  be  given  more  weight  than  the  amount  excreted.  The 
negative  calcium  balances  were  increased  in  both  the  acid  and  basic 
periods  in  two  subjects,  while  the  other  two  cases  showed  dimin- 
ished negative  calcium  balances  in  the  basic  and  acid  periods, 
with  the  exception  of  Period  IV,  Subject  H,  where  the  balance  re- 
mained the  same  as  in  the  preceding  period.  However,  the 
variation  in  the  calcium  deficiency  of  the  diet  must  be  taken  into 
account  in  interpreting  the  calcium  balances.  These  figures  are 
tabulated  in  Table  VI  and  show  that,  not  only  can  the  increase 
in  the  negative  calcium  balance  in  two  cases  in  Period  II  probably 
be  accounted  for  entirely  by  the  increased  deficiency  of  the  diet, 
but  in  the  other  two  cases  the  diminution  in  calcium  output  was 
more  than  sufficient  to  compensate  for  the  diminished  intake, 
so  that  the  negative  calcium  balance  was  actually  decreased  on  the 
basic  diet  which  afforded  less  calcium.  On  the  other  hand,  the 
considerably  increased  negative  calcium  balance  shown  by  Sub- 
jects E  and  F  during  the  fourth  period  cannot  be  accounted  for 
at  all  by  a  corresponding  increase  in  the  deficiency  of  the  diet, 
since  the  diet  was  richer  in  calcium  in  this  period  than  in  any  other. 
Subject  H  showed  an  increased  total  excretion  of  calcium  in  Period 
IV,  part  of  which  might  be  accounted  for  by  increased  calcium 
intake.  Subject  G  offered  an  exception  in  that  she  had  a  decreased 
negative  calcium  balance  in  Period  IV.  While  not  conclusive,  the 
above  noted  facts  seem  to  show  a  possible  tendency  toward  dimin- 
ished calcium  excretion  on  the  base-forming  diet  and  a  rather  well 
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niarlced  tendency  toward  increased  excretion  of  calcium  on  the 
acid-forming  diet. 

The  effect  of  an  acid-forming  diet  in  increasing  urinary  calcium, 
which  is  shown  in  these  experiments,  is  in  accord  with  the  results 
of   earlier  experiments  where  acid  was  given  as  such.     A  num- 
ber, of  investigators,  whose  work  has  been  reviewed  by  Forbes  (2) 
have  demonstrated  increased  urinary  calcium  after  giving  hydro- 
chloric and  other  acids.    However,  Stehle  and  McCarty  (5)  stated 
t.hat  ingestion  of  hydrochloric  acid  produced  no  appreciable  effect 
upon  urinary  calcium  in  man.    Stehle  (6)  found  an  increased 
excretion  of  calcium  in  dogs  after  the  ingestion  of  hydrochloric  acid, 
t>vit  Givens  and  Mendel  (7)  noted  no  increase  of  total  calcium 
^secretion  under  similar  experimental  conditions.    The  decrease 
urinary  calcium  as  a  result  of  the  base-forming  diet  is  in  con- 
to  the  observation  by  Givens  and  Mendel  (7),  that  40  gm. 
sodium  bicarbonate  per  day,  administered  over  a  long  period, 
^id  not  decrease  the  high  excretion  of  calcium  in  the  urine  of  a 
c*ia.'betic  man,  and  that  sodium  bicarbonate  given  to  dogs  was 
^^itbout  effect  upon  calcium  excretion. 

The  detrimental  effects  of  acid-forming  diets  upon   calcium 
*"^t;^ntion  have  been  noted  in  several  feeding  experiments  upon 

Steenbock,  Nelson,  and  Hart  (1),  Chalmers  Watson, 

Forbes  (2)  all  agree  that  decalcification  of  the  bones  resulted 

^r   prolonged   periods   on   acid-forming  rations.    The  above 

*^^F*eriment8  confirm  in  general  the  evidence  of  an  increased  cal- 

excretion  resulting  from  acid-forming  diets  noted  in  the 

investigations. 

CONCLUSIONS. 

1  .  The  base-forming  diets  consumed  in  Period  II  resulted,  in 
case,  in  a  decided  diminution  in  urinary  calcium,  while  the 
-forming  diets  of  Period  IV  caused  a  marked  increase  in  urinary 
um  in  three  out  of  four  subjects.  The  amounts  of  calcium 
reted  in  the  urine  on  the  acid-forming  diets  were  from  two 
^  three  times  greater  than  the  amounts  excreted  on  the  base- 
*^*^ming  diets  in  every  instance. 

.  The  precentage  of  total  calcium  output  eliminated  through 
*  urine  was  noticeably  decreased  on  the  base-forming  diets  and 
ceased  on  the   acid-forming  diets,  while  the  percentage  of 


*^, 
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calcium  excreted  by  way  of  the  feces  was  increased  on  the  base- 
forming  diets  and  decreased  on  the  acid-forming  diets,  showing  the 
tendency  of  the  base-forming  diets  to  divert  calcium  from  the  urine  to 
the  feces,  and  of  the  acid-forming  diets  to  increase  urinary  calcium  at 
the  expense  of  fecal  calcium. 

3.  Three  out  of  the  four  subjects  shouted  a  noticeable  increase  in 
total  calcium  excretion  and  two  showed  increased  negative  calcium 
balances,  not  to  be  accounted  for  by  calcium  deficiency  in  the  diets, 
during  the  period  in  which  the  acid-forming  diets  were  consumed. 
It  is  impossible  to  draw  conclusions  as  to  the  effect  of  the  acid- 
forming  diet  upon  the  fourth  subject,  due  to  digestive  disturbances 
which  arose  during  the  latter  part  of  the  experiment. 

4.  The  total  calcium  excretion  during  the  period  of  the  base-forming 
diet  was  lower  than  in  the  preceding  period  in  three  subjects,  and 
about  the  same  in  the  fourth.  In  two  instances,  the  negative 
calcium  balance  was  diminished  on  the  base-forming  diet,  while  in 
two  instances,  it  was  increased.  In  the  two  latter  cases,  the  in- 
Greased  negative  balance  can  be  practically  entirely  accounted  for 
by  the  diminished  calcium  intake  of  this  period.  The  other  two 
subjects  seem  to  have  been  able  to  overcompensate  for  the  decrease 
in  calcium  intake  by  a  decrease  in  calcium  excretion. 

5.  Since  the  calcium  intake  furnished  by  the  base-forming  diet 
was  appreciably  lower  than  that  furnished  by  either  of  the  other 
diets,  it  is  impossible  to  draw  definite  conclusions  as  to  the  influ- 
ence of  the  acid-base  content  of  the  diets  upon  calcium  retention. 
However,  the  facts  stated  above  tend  to  indicate  thai  calcium  is 
retained  somewhat  more  readily  on  a  basic  diet  than  on  balanced  or 
acid-forming  diets,  while  calcium  excretion  is  greater  on  an  acid-form- 
ing diet  than  on  balanced  or  base-forming  diets. 
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Because  of  the  importance  of  calcium  assimilation  in  human 
beings,  especially  in  such  conditions  as  growth,  pregnancy,  and 
rickets,  an  understanding  of  various  factors  which  may  affect 
calcium  retention  is  essential.  Very  few  experiments  have  been 
carried  out  to  observe  the  influence  of  different  factors  on  calcium 
metabolism  in  man.  The  following  experiments  were  undertaken 
to  investigate  the  possible  relation  between  the  vitamine  content 
of  the  diet  and  calcium  excretion  in  normal  women. 

In  reviewing  the  literature  on  calcium  metabolism,  many  cases 
of  poor  utilization  of  calcium  by  animals  are  found.  Negative 
calcium  balances  have  been  reported  repeatedly,  where  the  calcium 
content  of  the  diet  was  known  to  have  been  adequate  or  even 
abundant.  As  early  as  1908  Hart,  McCollum,  and  Humphrey  (1) 
made  observations  on  a  lactating  cow,  which  showed  a  negative 
calcium  balance  persisting  throughout  an  experiment  of  110  days. 
A  deficient  calcium  intake  was  accompanied  by  a  considerable 
output  of  this  element  in  the  feces.  They  believed  the  skeletal 
tissues  to  be  ready  sources  of  calcium  supply.  Hart,  Steenbock, 
and  Humphrey  (2)  later  observed  disaster  in  reproduction  with 
cows  fed  over  long  periods  on  a  calcium-low  ration.  Addition 
of  vitamine  A  (butter  fat),  of  casein,  or  of  both  to  the  diet  did 
not  improve  the  ration  for  reproduction,  while  the  addition  of 
calcium  salts  was  effective  in  this  respect. 

In  reviewing  his  work  on  high  milking  cows,  supposedly  receiving 
ample  amounts  of  calcium,  Forbes  (3,  4)  pointed  out  the  frequent 
occurrence  of  negative  calcium  balances  and  the  fact  that  the  ad- 
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dition  of  easily  soluble  calcium  to  the  diet  did  not  lead  to  positive 
balances.  Meigs,  Blatherwick,  and  Cary  (5)  found  continued 
negative  balances  in  dry,  pregnant  cows  on  a  calcium-rich  ration  of 
dry  alfalfa  hay,  corn  silage,  and  grain  mixture.  They  attributed 
this  to  nervous  disturbances  incident  upon  the  experimental 
procedure. 

After  the  addition  of  calcium  carbonate  or  phosphate  to  grain 
rations  fed  to  a  growing  pig,  Hart,  Steenbock,  and  Fuller  (6)  found 
increased  retention  of  both  calcium  and  phosphorus  with  a  result- 
ing heavier  skeleton.  In  experimenting  on  growing  swine,  Hart, 
Miller,  and  McCollum  (7)  noted  nutritional  failure  resulting 
from  a  diet  of  grains.  Both  alfalfa,  which  added  inorganic  con- 
stituents as  well  as  vitamine  A,  and  meat  scraps,  which  sup- 
plied more  efficient  proteins,  vitamine  A,  calcium,  and  phosphorus, 
proved  good  supplements  to  the  grain  diet. 

In  1913  Steenbock  and  Hart  (8)  noticed  a  favorable  effect  upon 
calcium  balances  in  goats  after  changing  from  a  diet  of  dry  roughage 
to  green  pasture.  In  a  further  study  (9)  made  upon  both  dry  and 
milking  goats  in  1921,  they  found  similar  results  on  changing  from 
a  diet  of  dry  oat  straw  to  fresh  green  oats.  They  also  observed 
that  cod  liver  oil  added  to  the  oat  straw  diet,  consistently  changed 
negative  calcium  balances  to  positive  balances,  while  orange  juice 
and  raw  cabbage  had  no  such  effect.  It  would  seem  from  this 
work  that  the  factor  affecting  calcium  assimilation  and  resident  in 
green  oats  and  grasses  is  present  also  in  cod  liver  oil.     • 

Robb  (10)  has  cited  experiments  with  guinea  pigs,  in  which  the 
elimination  of  calcium  was  twice  as  great  on  a  diet  of  dried  plants 
as  on  a  diet  of  fresh  green  plants,  to  which  calcium-free  orange 
juice  had  been  added. 

Furthermore,  the  possible  relation  of  vitamine  A  to  calcium  re- 
tention has  been  suggested  by  several  workers  on  rickets.  Shipley, 
Park,  McCollum,  Simmonds,  and  Parsons  (11),  and  Park  and  How- 
land  (12)  studied  the  beneficial  effect  of  cod  liver  oil  on  rats  suffering 
from  experimental  rickets.  The  therapeutic  effect  of  cod  liver 
oil  in  the  treatment  of  rachitic  children  has  long  been  recognized. 
Some  substance  or  substances  present  in  the  oil  favor  calcium  deposi- 
tion in  the  bones.  Hess  does  not  believe  this  antirachitic  factor 
to  be  synonymous  with  vitamine  A  (13,14),  since,  in  his  experi- 
ments, milk  did  not  prevent  the  development  of  rickets  in  children. 
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He  also  reported  (15)  failure  of  rats  to  .develop  rickets  on  a  diet 

deficient  in  vitamine  A.    Lack  of  active   development  of  bone 

resulted,  however,  in  these  cases  and  keratitis  was  also  frequent  but 

occurred  less  often  in  rats  receiving  orange  juice  as  a  supplement  to 

the  diet.    McCollum  and  his  collaborators  (16,17)  found  that  butter 

fat  did  not  exert  as  favorable  an  influence  on  bone  development  in 

r3.ts  as  did  cod  liver  oil.    He  believes  the  substance  which  pro- 

*xxotes  bone  growth  to  be  a  fourth  vitamine  (18).    It  has  been 

Pointed  out  by  Howland  and  Kramer  (19)  that  calcium  in  the 

s^rmn  of  rachitic  children  may  or  may  not  be  reduced,  but  that 

phosphorus  content  of  the  serum,  which  is  uniformly  reduced 

rickets,  is  brought  back  to  normal  by  administration  of  cod 

liver  oil. 

EXPERIMENTAL. 

bur  normal  women,  one  college  student  and  three  teachers, 

ed  as  subjects  for  this  experiment.    The  weights  of  the  subjects 

from  53.5  to  64.4  kilos  and  the  ages  from  21  to  33  years. 

The  experimental  period  of  16  days  was  divided  into  four  4 

_     periods,  with  fore  and  after  periods  on  calcium-low  diet,  as 

^^"^cribed  in  the  preceding  papers.     The  diets  of  the  first  and  third 

were  the  same.    They  consisted  of  lean  beef,  rice,  skimmed 

white  bread,  sugar,  corn-starch,  and  purified  fat  from  nut 

^^-xgarine.    These  foods  were  selected  to  give  a  diet  very  low  in 

amines.    Skimmed  milk  powder  was  used,  since  its  vitamine 

would  be  lower  than  that  of  fresh,  whole  milk.    The 

^Ixited  milk  powder  was  also  subjected  to  high  temperatures  by 

with  rice  in  a  pressure  cooker  (25  minutes  at  10  to  15 

pressure).    In  the  second  period,  yeast  was  added  to  the 

t  to  supply  vitamine  B;  and  in  the  fourth  period  an  equal 

ight  of  butter  fat  was  substituted  for  the  vegetable  fat  to  give 

amine  A.    Both  the  nut  margarine  and  butter  were  purified 

melting  at  a  temperature  not  exceeding  45°C.  and  siphoning 

the  pure  fat,  which  was  then  filtered.    The  yeast,  added  to  the 

t  during  Period  II,  was  taken  in  emulsion  with  cold  water 

immediately  before  each  meal.    Six  cakes  of  compressed  yeast 

Tv^re  ingested  by  each  subject  daily,  two  cakes  per  meal. 

The  diets  were  planned  to  meet  the  eDergy,  protein,  and  calcium 
recluirements  of  the  subjects.    With  the  exception  of  the  second 
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period,  the  amounts  of  energy,  protein,  and  calcium  supplied  by  the 
diet  were  uniform  throughout  the  experiment  (Table  II).  The 
yeast  added  to  the  diet  during  the  second  period  very  slightly 
increased  the  intake  of  calcium,  protein,  and  energy  in  this  period. 


TABLE  I. 
Calcium  Content  of  Foods. 


Food. 

Calcium. 

Lean  beef 

percent 

0.0078 

Skimmed  milk 

0.107 

Bread 

0.041 

Rice 

0.009 

Yeast 

0.028 

TABLE  II. 

Daily  Food  Intake. 


Subjects  I  and  J. 

Subjects  K  and  L. 

Food. 

Periods 

land 

III. 

Period 
II. 

Period 
IV. 

Periods 

land 

III. 

Period 
II. 

Period 
IV. 

Lean  beef 

gm. 

200 

250 

72 

250 

100 

75 

10 

gm. 

200 
250 

72  • 
250 
100 

75 

10 

84 

gm. 

200 
250 

250 

100 

75 

10 

72 

gm. 

200 

200 

50 

250 

100 

50 

10 

gm. 

200 

200 

50 

250 

100 

SO 

10 

84 

{jm. 

200 

Skimmed  milk 

200 

Vegetable  fat 

Bread 

250 

Rice 

100 

Sugar 

50 

Starch 

10 

Yeast 

Butter  fat 

50 

The  diet  for  Subjects  I  and  J  furnished  2,391  calories,  82  gm.  of  protein, 
92  gm.  of  fat,  and  0.395  gm.  of  calcium.  The  yeast  taken  in  Period  II 
added  3.9  gm.  of  nitrogen  and  0.023  gm.  of  calcium. 

The  diet  for  Subjects  K  and  L  furnished  2,075  calories,  80  gm.  of  pro- 
tein, 70  gm.  of  fat,  and  0.341  gm.  of  calcium.  The  yeast  taken  in  Period 
II  added  3 .9  gm.  of  nitrogen  and  0.023  gm.  of  calcium. 

The  protein  was  in  excess  of  the  allowance  of  1  gm.  per  kilo  of 
body  weight,  suggested  by  Sherman.1    The  protein  of  the  diet 

1  Sherman,  H.  C,  Gillette,  L.  H.,  and  Osterberg,  E.,  J.  Biol.  Chern., 
1920,  xli,  97. 
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was  fairly  high  (about  80  to  85  gm.  per  day),  in  order  to  make  the 
diet  more  palatable  and  avoid  use  of  too  large  quantities  of 
carbohydrate  aDd  fat.  The  fat  was  kept  constant,  since  a  variable 
intake  of  fat  might  affect  calcium  assimilation.2  The  theoretical 
calcium  requirements  of  the  subjects,  estimated  from  Sherman's 
figure  of  0.45  gm.  per  70  kilos  of  body  weight,3  ranged  from  0.34 
to  0.41  gm.  per  day.    The  diets  met  the  theoretical  calcium 

TABLE  III. 
Average  Daily  Intake  and  Output  of  Calcium. 


• 

kg. 

■8 
c 

Diet. 

& 
$ 

a 

1-4 

gm. 

Output. 

Balance. 

9 
50 

Feces. 
gm. 

Urine. 
gm. 

Total. 
gm. 

I 

60.9 

I 

II 

III 

IV 

Basal. 
« 

« 

+  yeast. 

+  butter  fat. 

0.395 
0.418 
0.395 
0.395 

0.384 
0.285 
0.305 
0.255 

0.131 
0.142 
0.146 
0.141 

0.515 
0.427 
0.451 
0.396 

-0.120 
-0.009 
-0.056 
-0.001 

J 

64.1 

I 

II 
III 

IV 

Basal. 

a 
u 
« 

+  yeast. 

+  butter  fat. 

0.395 
0.418 
0.395 
0.395 

0.328 
0.335 
0.296 
0.255 

0.102 
0.111 
0.120 
0.124 

0.430 
0.446 
0.416 
0.379 

-0.035 
-0.028 
-0.021 
+0.016 

K 

53.5 

I 

II 
III 

IV 

Basal. 

u 
it 
11 

+  yeast. 

+  butter  fat. 

0.341 
0.365 
0.341 
0.341 

0.248 
0.152 
0.303 
0.223 

0.149 
0.172 
0.153 
0.178 

0.397 
0.324 
0.456 
0.401 

-0.056 
+0.041 
-0.115 
-0.060 

L 

56.3 

I 

II 
III 

IV 

Basal. 

u 
ii 

M 

+  yeast. 

+  butter  fat. 

0.341 
0.365 
0.341 
0.341 

0.195 
0.189 
0.280 
0.163 

0.159 
0.156 
0.145 
0.191 

0.354 
0.345 
0  425 
0.354 

-0.013 
+0.020 
-0.084 
-0.013 

requirements  in  all  cases  except  Subjects  J  and  L,  Periods  I,  III, 
and  IV,  while  in  these  instances  it  was  lacking  in  only  0.02  gm. 

The  detailed  composition  of  the  diets  used  is  given  in  Table  II. 
The  calcium  content  of  the  foods  is  given  in  Table  I.  The  results 
of  the  urine  and  feces  analyses  will  be  found  in  Tables  III,  IV,  and 
V.  For  further  details  as  to  experimental  procedure  consult  the 
first  paper  of  this  series.4 

1  Givens,  M.  H.,  J.  Bwl.  Chem.,  1917,  xxxi,  441. 
» Sherman,  H.  C,  J.  Biol  Chem.,  1920,  xliv,  21. 
«  Bogert,  L.  J.,  and  McKittrick,  E.  J.,  J.  Biol  Chem.,  1922,  liv,  363. 
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DISCUSSION. 

The  four  subjects  maintained  weight  and  remained  in  apparent 
health  during  the  experimental  period.  Subject  K  experienced 
difficulty  with  constipation  but  this  condition  was  relieved  by  the 
administration  of  mineral  oil  (Nujol)  during  the  first  period. 
The  division  of  the  feces  was  difficult  with  this  subject,  as  the 
marker  appeared  later  than  with  others  and  persisted  for  several 
days.     No  difficulty  was  experienced  in  consuming  the  diet  except 

TABLE  IV. 
Percentages  of  Daily  Calcium  Intake  Excreted. 


Subject. 

Period. 

Feces. 

Urine. 

Total. 

per  cent 

per  cent 

per  cent 

I 

I 

97.2 

33.1 

130.3 

II 

68.1 

34  0 

102.1 

III 

77.2 

369 

114.1 

IV 

64.5 

35.7 

100.2 

J 

I 

83.0 

25.8 

108.8 

II 

80.1 

26.5 

106.6 

III 

74.9 

30.4 

105.3 

IV 

64.5 

31.4 

95.9 

K 

I 

72.7 

43.7 

116.4 

II 

41.7 

47.1 

88.8 

III 

88.8 

44.9 

133.7 

IV 

65.4 

52.2 

117.6 

L 

I 

57.2 

46.6 

103.8 

II 

51.8 

42.7 

94.5 

III 

82.1 

42.5 

124.6 

IV 

47.8 

56.0 

103.8 

in  Period  II,  when  there  was  a  feeling  of  discomfort  and  lack  of 
appetite.  The  menstrual  period  of  three  subjects  was  included 
but  no  effect  on  the  calcium  metabolism  was  observed. 

The  data  on  average  daily  calcium  excretion  and  balances  are 
found  in  Table  III.  The  subjects  were  all  somewhat  in  negative 
balance  during  Periods  I  and  HI.  The  amounts  of  calcium  excreted 
during  both  of  these  periods  on  the  basal  diet  are  not  uniform  for 
the  same  subjects,  while  there  are  also  variations   between  the 
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different  subjects  during  the  same  period.    For  instance,  Subjects 

I,   J,  K,  and  L  excreted  respectively  130.3,  108.8,  116.4,  and  103.8 

|>er  cent  of  the  calcium  intake  during  Period  I;  and  114.1,  105.3, 

133.7,  and  124.6  per  cent  during  Period  III  (see  Table  IV).     The 

aotual  amounts  of  calcium  excreted  during  these  periods  range 

from  0.354  to  0.515  gm.,  with  an  average  of  0.430  gm.  per  day. 

AJthough  these  figures  do  not  show  as  much  individual  variation 

TABLE  V. 

Distribution  of  Calcium  in  Excreta. 


-*t>j«ct. 

Period. 

Feces. 

Urine. 

Total 

Weight. 

Calcium. 

Volume. 

Calcium. 

calcium. 

gm. 

per  cent 

gm. 

cc. 

gm. 

gm. 

I 

I 

68.3 

2.25 

1.537 

2,744 

0.522 

2.059 

II 

63.5 

1.79 

1.140 

2,100 

0.567 

1.707 

III 

64.2 

1.90 

1.220 

2,740 

0.586 

1.806 

IV 

44.2 

2.30 

1.019 

3,093 

0.565 

1.584 

j 

I. 

53.6 

2.45 

1.313 

2,418 

0.406 

1.719 

II 

80.3 

1.67 

1.341 

2,280 

0.443 

1.784 

III 

54.9 

2.15 

1.183 

2,294 

0.479 

1.662 

IV 

48.6 

2.09 

1.018 

2,585 

0.497 

1.515 

i< 

I 

74.8 

1.33 

0.991 

4,017 

0.597 

1.588 

II 

59.7 

1.02 

0.606 

3,053 

0.689 

1.295 

III 

72.3 

1.67 

1.210 

4,435 

0.612 

1.822 

IV 

43.5 

2.06 

0.894 

4,170 

0.711 

1.605 

1 

I 

34.5 

2.26 

0.780 

2,185 

0.635 

1.415 

II 

47.2 

1.60 

0.758 

2,980 

0.625 

1.383 

III 

81.0 

1.39 

1 .  122 

2,195 

0.578 

1.700 

IV 

45.8 

1.43 

0.653 

2,225 

0.762 

1.415 

is  often  found,  it  has  seemed  best,  in  drawing  conclusions 
cerning  the  effects  of  the  yeast  and  butter  fat  in  Periods  II 
atxcl  IV,  to  compare  the  calcium  excretion  and  balance  of  each 
8l* V>ject  with  the  corresponding  figures  in  the  basal  period  immedi- 
a*-^ly  preceding.  Differences  between  the  balances  of  Periods  I 
^^ti  III  in  the  same  subject  might  be  explained  by  the  influence  of 
P^^vious  diet  or  after  effects  of  the  yeast  taken  in  Period  II. 
Subject  J  showed  a  gradual  lowering  of  the  per  cent  of  calcium 


394       Studies  in  Inorganic  Metabolism.    Ill 

excreted  during  Periods  I,  II,  and  III,  which  might  indicate  thai 
this  subject  was  slow  in  adjusting  to  the  low  calcium  intake. 

On  the  examination  of  the  distribution  of  calcium  in  the  feces 
and  urine  (see  Table  V),  it  may  be  observed  that  the  amounts 
excreted  in  the  urine  were  fairly  constant  for  each  individual,  while 
variations  in  total  calcium  output  are  to  be  ascribed  to  variations 
in  the  fecal  excretion.  There  is,  however,  quite  an  appreciable 
amount  of  calcium  in  the  urine,  ranging  from  24  to  54  per  cent  of 
the  total  output.  This  is  contrary  to  what  might  be  expected 
from  statements  of  various  investigators.  The  proportion  in  the 
urine  seems  larger  in  Subjects  K  and  L.  With  Subject  K  this 
high  urinary  calcium  runs  parallel  with  a  large  volume  of  urine. 

It  has  been  noted  that  the  calcium  balances  during  these  two 
basal  periods  were  negative,  although  the  amounts  of  calcium 
furnished  by  the  diet  were  practically  adequate  to  meet  the  theoreti- 
cal requirements.  Either  the  calcium  requirement  of  these 
subjects  must  have  been  higher  than  the  average  theoretical 
requirement  given  by  Sherman,  or  else  poor  utilization  of  the  cal- 
cium resulted  from  some  undetermined  factor.  This  factor  is 
presumably  the  lack  of  vitamine  in  the  diet,  since  the  same 
subjects  were  able  to  maintain  equilibrium  or  a  positive  balance 
later  on  the  addition  of  yeast  or  butter  fat  to  the  diet. 

During  Period  II,  when  yeast  was  added  to  the  diet,  considerable 
discomfort  was  experienced.  The  bulk  of  feces  was  increased  and 
they  presented  a  frothy  appearance,  due  to  the  generation  of  large 
amounts  of  gas  in  the  alimentary  tract.  This  change  in  the  physi- 
cal character  of  the  feces  might  have  influenced  absorption.  The 
breaking  up  of  the  feces  by  bubbles  of  gas,  with  the  probability 
of  greater  surface  exposed,  might  have  favored  absorption.  On  the 
other  hand,  due  to  the  increased  bulk  of  the  intestinal  contents, 
the  number  of  movements  was  increased,  thus  creating  conditions 
less  favorable  to  absorption.  There  is,  however,  no  evidence  in 
the  data  to  support  the  assumption  that  poor  absorption  occurred, 
since  the  dry  weight  of  the  feces  was  not  consistently  increased 
(see  Table  V),  and  the  calcium  excretion  was  decidedly  decreased 
in  this  period  (Table  III).  On  examination  of  the  distributioB 
of  the  calcium  output  (see  Table  V),  it  may  be  observed  that  the 
urinary  calcium  was  not  changed  materially  with  Subjects  I,  J,  and 
L,  while  with  Subject  K  it  was  increased.    The  decrease  in  total 
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calcium  excretion  is  due,  therefore,  to  a  lowered  fecal  output, 
which  is  brought  about  by  a  decrease  in  weight  or  in  per  cent  of 
calcium  present  in  the  feces.  Comparison  of  the  per  cent  of  the 
calcium  intake  excreted  (Table  IV)  and  of  the  calcium  balances 
(Table  III)  in  Period  I  with  those  in  Period  II  gives  a  picture  of 
the  effect  of  the  yeast  upon  calcium  retention.  There  is  a  notice- 
able lowering  in  the  per  cent  of  calcium  intake  excreted  during 
Period  II  in  all  but  one  case.  This  decrease  amounted  to  28,  28, 
and  9  per  cent  for  Subjects  I,  K,  and  L  respectively,  but  Subject 
J  showed  a  decrease  of  only  2  per  cent.  The  yeast  seemed  to  have 
little  or  no  effect  upon  calcium  excretion  in  Subject  J,  as  there 
was  but  a  slight  lowering  of  the  negative  balance,  which  continued 
in  Period  III.  Subject  I  showed  a  decided  decrease  in  negative 
balance,  while  Subjects  K  and  L  showed  change  from  a  negative 
to  a  positive  balance.  Hence  the  lowered  calcium  excretion  cannot 
be  accounted  for  by  the  small  amounts  of  calcium  contained  in  the 
yeast,  but  must  be  due  to  the  influence  of  some  other  substance  or 
substances  added  in  the  yeast.  It  is  interesting  to  note  that  there 
was  an  increase  in  fecal  calcium  output  and  a  return  to  distinctly 
negative  balance  in  Period  III  after  withdrawal  of  the  yeast  from 
the  diet. 

The  results  obtained  in  Period  IV,  when  butter  fat  was  substi- 
tuted for  fat  from  nut  margarine,  were  very  similar  to  those  which 
followed  the  addition  of  yeast  to  the  diet.  With  Subject  I  the 
percentage  of  calcium  intake  excreted  was  14  per  cent  lower  than 
that  of  Period  III,  Subject  J,  9  per  cent,  Subject  K,  16  per  cent, 
and  Subject  L,  19  per  cent  (see  Table  IV).  The  calcium  balance 
of  Subject  I  was  changed  from  negative  to  equilibrium,  of  Subject 
J  from  negative  to  positive,  and  of  Subjects  K  and  L  to  markedly 
lowered  negative  balances  (Table  III).  The  changes  in  amounts 
of  calcium  excreted  were  again  due  to  decreased  fecal  output, 
brought  about,  in  this  case,  through  a  decided  drop  in  weight  of 
feces  (Table  V).  This  may  indicate  a  better  coefficient  of  digesti- 
bility for  several  constituents  of  the  diet.  Instead  of  showing  a 
lowering  of  the  per  cent  of  calcium  in  the  feces,  as  in  Period  II, 
the  percentage  of  calcium  was  increased  in  every  case  but  one. 
The  urinary  calcium  of  Subjects  I  and  J  remained  practically 
constant,  but  that  of  Subjects  K  and  L  was  materially  raised. 
It  is  very  apparent  that  there  is  some  factor  added  with  the  butter 
fat,  which  has  been  favorable  to  calcium  retention. 
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There  seems  to  be  but  little  difference  between  the  favorable 
influence  of  yeast  upon  calcium  retention  and  that  of  butter  fat, 
when  average  daily  calcium  balances  for  Periods  II  and  IV  are 
compared  with  those  for  Periods  I  and  III.  The  average  daily 
balances  of  the  four  subjects  follow:  Ca 

mo. 

Period      I -0.056 

II +0.006 

"       III -0.069 

IV ; -0.014 

When  the  balances  of  only  three  subjects  are  considered,  since  diffi- 
culty in  marking  off  the  feces  into  periods  may  make  the  results 
obtained  with  Subject  K  less  reliable,  the  results  appear  as  follows: 

Ca 

mg. 

Period      I -0.056 

"         II -0.005 

"       III -0.053 

IV ±0.000 

When  four  subjects  are  considered  the  yeast  seems  to  have  been 
very  slightly  more  efficient  in  promoting  calcium  retention  than  the 
butter  fat,  but  when  considering  only  three  subjects,  there  is 
practically  no  difference.  It  seems  surprising  that  the  addition 
of  small  amounts  of  yeast  and  butter  fat  to  the  diet  should  show 
such  pronounced  effects  upon  calcium  assimilation  when  the 
experimental  periods  were  limited  to  4  days. 

CONCLUSIONS. 

1.  The  addition  of  yeast  to  a  basal  diet,  practically  free  from 
vitamines,  led  to  lowered  excretion  of  calcium  in  normal  women. 
This  was  shown  in  three  of  the  four  subjects,  by  the  excretion  of  a 
smaller  percentage  of  the  calcium  intake,  by  a  diminished  percentage 
of  calcium  in  the  feces,  and  by  decided  changes  in  calcium  balance. 
The  negative  balance  was  changed  to  positive  in  two  cases,  while 
the  third  subject  was  brought  practically  into  equilibrium  in  this 
period.  The  ingestion  of  yeast  had  Utile  effect  upon  the  calcium 
excretion  of  the  fourth  subject. 

2.  The  substitution  of  an  equal  weight  of  purified  butter  fat  for 
purified  fat  from  nut  margarine  in  the  "  vitamine-free"  diet  also 
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resulted  in  decreased  calcium  elimination.  All  four  subjects  excreted 
a  smaller  percentage  of  the  calcium  intake  during  this  period,  and 
showed  a  marked  lowering  of  the  negative  calcium  balances  in 
two  cases,  a  change  from  negative  to  positive  balance  in  a 
third,  and  to  equilibrium  in  a  fourth  case.  The  decreased  fecal 
output  was  brought  about  by  a  diminished  weight  of  feces  rather 
than  by  a  lowering  of  the  percentage  of  calcium  in  the  feces. 

3.  The  above  facts  might  indicate  either  an  improved  absorption 
or  a  decreased  elimination  of  calcium  through  the  intestinal  wall 
during  the  periods  when  yeast  or  butter  fat  was  taken,  and  they 
suggest  some  influence  of  the  vitamine  content  of  the  diet  upon  calcium 
assimilation. 
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ANTIKETOGENESIS . 

IV.    THE  KETOGENIC-ANTIKETOGENIC  BALANCE  IN  MAN  AND  ITS 
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(From  the  Laboratory  of  Biological  Chemistry,  Washington  University  School 

of  Medicine,  St.  Louis.) 

(Received  for  publication,  August  10,  1922.) 

The  first  paper  in  this  series  (1)  describes  how,  in  a  search  for 
an  explanation  of  the  manner  by  which  the  metabolism  of  carbo- 
hydrate prevents  the  appearance  of  the  "acetone  bodies,,,  it 
was  discovered  that  when  glucose  is  oxidized  by  hydrogen  perox- 
lc*e  in  alkaline  solution,  acetoacetic  acid,  if  present,  is  also  oxi- 
dized quite  rapidly,  whereas  in  the  absence  of  glucose,  acetoacetic 
acid  under  otherwise  the  same  conditions  is  rather  resistant  to 
oxidation.  An  oxidation  product  of  glucose  combines  with  aceto- 
acetic acid  and  the  compound  is  further  oxidized.  This  "ketoly- 
**c"  behavior  of  glucose  in  vitro  is  evidently  analogous  to  the  "an- 
tiketogenic" property  of  carbohydrate  in  preventing  or  abolishing 
lcetonuria  in  the  human  subject.  The  reaction  has  since  been 
^udied  in  greater  detail  and  will  be  reported  on  in  forthcoming 
Papers. 

In  a  second  paper  (2)  the  hypothesis  was  developed  that  anti- 

^etogenesis  in  the  human  subject  is  based  upon  a  similar  ketoly- 

Ic  reaction  in  the  body  between  acetoacetic  acid,  the  first  formed 

th.e  "acetone  bodies,"  and  a  derivative  of  glucose  (or  of  other 

11 1 iketogenic  substances),  the  compound  being  further  oxidized; 

.  u^  that  failing  to  react  with  ketolytic  substance  acetoacetic  acid 
8   Resistant  to  oxidation,  accumulates,  and  (after  conversion  in 

*>art>    into  acetone  and  hydroxybutyric  acid)   is  excreted.     Ac- 

.  The  subject  matter  of  this  paper  formed  the  basis  of  a  communication 

^°*'«  the  American  Society  of  Biological  Chemists  in  December,  1921. 
^^    methods  of  calculations  then  used  have  been  slightly  modified  and 
***^  data  have  been  added,  but  the  conclusions  are  the  same. 

399 
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cording  to  this  idea,  abnormal  amounts  of  acetone  bodies  would 
appear  among  the  metabolic  products  only  when  the  rate  of  keto- 
genic  catabolism  exceeds  the  rate  of  antiketogenic  (ketolytic) 
catabolism. 

The  testing  of  this  hypothesis  required  the  evaluation  in  common 
terms  of  all  of  the  respective  ketogenic  and  antiketogenic  in- 
fluences of  protein,  fat,  and  carbohydrate,  which  substances  and 
their  products,  in  very  variable  quantities,  together  make  up  the 
"metabolic  mixture.' '  The  values  assigned  to  these  several 
factors  were  calculated  from  theoretical  data  on  the  assumptions 
that  each  molecule  of  fatty  acid  and  of  the  ketogenic  amino- 
acids  is  the  precursor  of  1  molecule  of  acetoacetic  acid;  that  2 
molecules  of  glycerol  (of  fat)  are  converted  into  1  of  glucose; 
that  the  protein  amino-acids  are  converted  into  glucose  to  the 
extent  of  3.6  gm.  for  each  gram  of  (urine)  nitrogen;  and  that  carbo- 
hydrate, including  the  glucose  from  glycerol  and  protein,  exerts 
its  ketolytic  action  in  the  form  of  the  six  carbon  molecule  of  glucose. 

On  the  basis  of  these  assumptions  the  data  from  various  sub- 
jects were  analyzed  for  the  purpose  of  determining  what  ratio  of 
ketogenic  molecules  to  antiketogenic  molecules  (as  glucose)  exists 
in  the  metabolic  mixture  when  small  but  distinctly  abnormal 
amounts  of  the  acetone  bodies  first  make  their  appearance,  that 
is,  the  border-line  of  ketosis.  The  results  of  such  calculations 
appeared  to  show  that  the  ratio  in  all  of  the  subjects  was  approxi- 
mately 1 : 1  (the  ketogenic  factors  being  calculated  as  gram  mols 
of  acetoacetic  acid  and  the  antiketogenic  factors  as  gram  mole- 
cules of  glucose).  The  same  conclusion  was  also  reached  from  a 
study  (3)  of  the  ketogenic  ratio  by  means  of  respiratory  quotients; 
and  Woodyatt  (4)  has  found  that  such  a  conclusion  is  in  accord 
with  his  clinical  experience.  Hubbard  and  Wright  (5)  have 
reported  experiments  on  the  same  topic,  and  their  data  are  quite 
in  harmony  with  the  same  general  conclusion. 

The  fact  that  with  a  considerable  number  of  different  subjects, 
worked  upon  by  different  observers,  one  finds  at  the  threshold 
of  ketosis  an  approximately  constant  ratio  between  the  number  of 
molecules  of  the  precursors  of  acetoacetic  acid  and  of  glucose  in 
the  metabolic  mixture,  must  mean  that  the  further  oxidation  of 
acetoacetic  acid  constantly  taking  place  under  normal  conditions 
is  accomplished  through  a  chemical  reaction  with  a  derivative 
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of  glucose,  and  presumably  this  reaction  is  more  or  less  similar 
to,  if  not  the  same  as,  the  in  vitro  ketolytic  reaction. 

If  this  is  the  case  and  if  one  can  evaluate  the  various  factors  in 
the  ketolytic  reaction  with  sufficient  accuracy  it  should  be  possible 
to  draw  up  a  ketogenic-antiketogenic  balance  for  any  given  subject 
and  from  the  excess  of  ketogenic  molecules,  predict  the  amount  of 
acetoacetic  acid  (total  "acetone  bodies")  which  would  be  excreted. 
The  ability  thus  to  predict  the  effect  of  any  ketogenic  balance  would 
be  of  great  scientific  interest  in  connection  with  the  intermediary 
metabolism  of  the  three  foodstuffs,  and  besides  would  have  a 
very  considerable  practical  value  as  the  basis  for  the  dietetic 
treatment  of  diabetes  and  obesity.  In  diabetes  especially,  such 
information  would  permit  a  rational  formulation  of  diets  to 
accomplish  the  essential  aims,  (a)  to  spare  the  carbohydrate  toler- 
ance from  overstrain  and  (6)  to  avoid  by  safe  margin  ketosis  and 
its  consequences,  while  maintaining  the  plane  of  nutrition  as  high 
as  permissible.  The  diabetic  dietary  has  indeed  already  been 
considered  from  the  point  of  view  of  the  ketogenic  balance  (4 
to  8)  and  a  development  along  these  lines  appears  full  of  promise. 

The  evaluation  of  the  factors  of  the  ketogenic  balance  is  ob- 
viously a  complex  and  difficult  problem,  not  only  because  of  the 
uncertainty  as  to  the  ketogenic  versus  antiketogenic  equivalence 
of  fat,  proteins,  and  carbohydrate,  but  also  for  the  reason  that  any 
chemical  reaction  taking  place  in  such  a  many  phase  system  as 
the  animal  body  doubtless  proceeds  under  different  conditions  in 
different  tissues  or  cells  and  at  different  times  and  is  influenced 
by  many  unknown  factors.  Furthermore,  the  calculation  of  an 
approximately  correct  ketogenic  balance  sheet  requires  an  accurate 
knowledge  of  how  much  protein,  sugar,  and  fat  are  being  catab- 
olized  and  this  information  is  in  nearly  all  cases  uncertain, — 
especially  uncertain  regarding  fat.  And  since  all  of  the  various 
errors  in  the  determinations  and  assumptions  underlying  the  cal- 
culation of  the  ketogenic  balance  are  accumulated  in  the  end- 
result,  the  "balance/'  it  can  scarcely  be  expected  that  we  may 
immediately  arrive  at  even  an  approximate  estimate  of  the 
quantities  involved  in  the  ketogenic  balance.  The  attempts  to 
calculate  a  "balance"  or  absolute  excess  of  ketogenic  or  antiketo- 
genic factors  puts  the  hypothesis  to  a  very  severe  test,  so  severe 
that  perhaps  uniform  success  would  not  be  expected.     Ne  vert  he- 
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less,  the  data  to  be  presented  indicate  that  an  approach  to  this 
complex  problem  is  possible  and  that  by  justifiable  assumptions, 
based  upon  the  general  hypothesis  as  to  the  ketolytic  reaction, 
one  may  explain  in  many  cases  not  only  the  threshold  of  ketosis, 
but  also  the  amounts  of  total  acetone  bodies  excreted  by  different 
human  subjects  with  marked  ketosis.  The  hypothesis  thus  ap- 
pears to  gain  strong  support,  and  may  be  applied  with  some  con- 
fidence to  certain  fundamental  problems  in  the  metabolism  of 
diabetes. 

In  a  former  paper  (2)  it  was  pointed  out  (pp.  466  and  471) 
that  although  a  molecular  ratio  of  about  1 : 1  appears  to  exist  at 
the  threshold  of  ketosis,  the  amount  of  acetone  bodies  actually 
excreted  by  subjects  with  marked  ketosis  is  much  less  than  cor- 
responds to  the  calculated  excess  of  ketogenic  over  total  glucose 
molecules;  and  it  was  there  suggested  that  this  fact  indicates 
error  in  some  of  the  assumptions  or  some  of  the  factors  in  the 
calculation.  An  example  will  illustrate  the  discrepancy.  Bene- 
dict's fasting  subject  "L"  (9)  on  the  14th  day  of  fast,  catabolized 
protein  corresponding  to  10.43  gm.  of  urine  nitrogen  and  117 
gm.  of  body  fat,  but  oxidized  no  carbohydrate.  Such  a  meta- 
bolic mixture  would  represent,  according  to  the  first  method  of 
calculation  (2,  p.  457)  the  following: 


10.43  gm.  N 
117  gm.  fat.. 


Ketogenic. 


millimoU 

104  (10.43  X  10) 
401  (117  X  3.43) 


Antiketogenic. 


millimoU 

208  (10.43  X  20) 
67  (117  X  0.57) 


505-275  =  230  excess  ketogenic  millimols  X  0.104  -  24  gm.  total 
hydroxybutyric  acid  expected. 

The  actual  excretion  was  not  more  than  about  7  gm.  of  total 
hydroxybutyric  acid,  or  about  17  gm.  less  than  calculated.  Such 
discrepancies  appear  to  be  regularly  found  with  marked  ketosis, 
and  probably  indicate  one  of  the  following  possibilities:  (a) 
Some  of  the  accumulating  acetoacetic  or  hydroxybutyric  acids  are 
oxidized  without  reaction  with  the  ketolytic  substances;  (6) 
the  estimates  of  the  amounts  of  acetoacetic  acid  derivable  from 
fat  and  protein  are  too  high;  (c)  glucose,  or  other  ketolytic  sub- 
stances derived  from  protein  and  glycerol  of  fat  have  greater 
antiketogenic  influence  than  the  values  assigned. 
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Of  these  three  possibilities,  the  first,  the  oxidation  of  keto-  or 
hydroxy-acid  without,  ketolytic  reaction  cannot  be  decided  at 
present,  and  may  perhaps  be  held  in  reserve  as  a  sort  of  last  re- 
sort in  case  the  facts  cannot  be  otherwise  interpreted.    To  admit 
at  the  outset  such  a  variable  would  greatly  complicate  the  cal- 
culations needed  to  test  the  other  two  possibilities,  and  for  the 
present  it  is  tentatively  assumed  that  no  such  direct  oxidation 
takes  place. 

Since  for  reasons  already  given  (2,  p.  467),  it  seemed  unlikely 
that  the  values  adopted  for  the  ketogenic  factors  were  very 
greatly  in  error,  it  appeared  necessary  first  to  question  the  values 
for   the    antiketogenic    factors.     Antiketogenic    substances  are 
derived'  from    certain    of  the  amino-acids,  and  probably  from 
glycerol  of  fat  as  well  as  from  carbohydrate.   .Whether  the  ac- 
tive ketolytic  substances  from  all  three  sources  are  different,  or 
are  the   same  cannot  be  definitely  settled  at  present,  but  our 
original  assumption  seems  the  more  probable.    Hubbard    and 
bright  (5)  interpret  their  data  in  support  of  this  assumption.    The 
f^et  that  the  blood  of  fasting  normal  subjects  continues  to  contain 
***e  usual  amount  of  sugar,  indicates  its  continued  formation  from 
fuhstances  other  than  carbohydrate,  in  normal  (as  well  as  diabetic) 
111  ciivi  duals,  and  supports  the  idea  that  glucose  is  a  normal  in- 
teiTixediate  in  protein  (and  glycerol?)  metabolism. 

"We  shall,  therefore,  suppose  that  the  antiketogenic  action  of 
F*r ot^in  and  of  fat  is  represented  by  the  amounts  of  glucose  to  which 
**ey  may  give  rise,  and  consider  the  maximum  ketolytic  effect 
°^   glucose. 

The  first  possibility  that  suggested  itself  was  that  1  molecule 
°*  glucose  (or  more  strictly  its  active  ketolytic  derivative)  may 
5^^.et  with  2  instead  of  with  1  molecule  of  acetoacetic  acid.  This 
^^^S!  seems  very  probable  from  the  fact  that  further  work  on  the 
*-***  wsitro  ketolytic  reaction  shows  that  under  proper  conditions 
*~     rnolecule  of  glucose  accomplishes  the  disappearance  of  2  mole- 


s  of  keto-acid,  when  the  latter  is  present  in  excess.     Other 

^^l^-ted  substances,  such  as  other  hexoses,  glycol  aldehyde  and 

^l^oxal,  behave  similarly,  with  the  latter  no  oxidation  being  neces- 

^ajry .    A  detailed  account  of  the  in  vitro  reaction  will  be  presented 

1X1  later  papers  and  need  not  be  entered  upon  here  except  to  state 

***^t  the  evidence  points  to  a  reaction  between  1  molecule  of  a 
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glucose  derivative  (probably  glucosone),  and  2  of  acetoacetic  acid. 
If  1  molecule  of  glucose  (or  its  derivative),  reacts  with  2  of  keto- 
acid,  the  effect  would  be  to  double  the  values  assigned  the  anti- 
ketogenic factors  in  our  calculations. 

When  this  modification  is  tried  on  various  data,  the  discrepancy 
is  usually  much  less,  but  it  leads  to  the  expectation  of  considerably 
less  acetone  bodies  than  the  amounts  actually  excreted.  Using  the 
data  of  Subject  "L"  above  mentioned  as  an  example,  the  antiketo- 
genic sum  would  be  275  X  2  =  550  antiketogenic  equivalents 
and  would  exceed  by  45  the  sum  of  ketogenic  millimols,  and  if  the 
reaction  in  the  body  as  a  whole  were  strictly  quantitative,  no 
ketosis  would  be  expected. 

Of  course  such  a  reaction  cannot  be  strictly  quantitative  in  the 
body  as  a  whole;  but  with  marked  ketosis  it  may  approach  a 
quantitative  relatioMhip.  When  the  metabolic  mixture  is  such 
that  a  large  excess  of  keto-acid  molecules  is  formed  compared 
with  the  total  glucose  being  burned,  one  may  imagine  that  prac- 
tically every  glucose  molecule  encounters  keto-acid,  with  conse- 
quent approach  to  complete  utilization  of  all  available  antiketo- 
genic substance.  The  best  that  can  be  done  is  to  choose  subjects 
with  marked  ketosis,  and  tentatively  assuming  that  the  ketolytic 
reaction  in  the  body  as  a  whole  is  approximately  quantitative  under 
such  conditions,  determine  by  trial  what  values  for  the  ketogenic 
and  antiketogenic  effects  of  protein  and  fat  best  correspond 
with  the  amounts  of  total  acetone  bodies  actually  excreted. 

Since  we  feel  confident  from  the  in  vitro  work  that  the  ketolytic 
reaction  ratio  is  1  of  glucose  to  2  of  keto-acid,  we  interpret  the 
discrepancy  in  the  calculated  "balance"  (above  illustrated)  to 
mean  either  that  the  amount  of  keto-acid  derived  from  protein 
is  larger  than  indicated  by  the  analyses  of  leucine,  tyrosine,  and 
phenylalanine,  or  that  the  amount  of  glucose  derived  from  pro- 
tein and  glycerol  is  less  than  the  values  used  in  the  calculations. 

The  latter  alternative  first  seemed  the  more  likely  for  the  follow- 
ing reason.  The  value  adopted  in  earlier  papers  for  the  glucose 
equivalent  of  protein  was  based  upon  the  maximum  D:N  ratio 
of  3.6:1,  which  appears  to  have  been  established  by  the  work  of 
Lusk  and  others.  At  the  time  of  writing  the  earlier  papers,  the 
fact  was  overlooked  that  since  this  ratio  actually  is  an  expression 
of  the  relative  amounts  of  urinary  nitrogen  and  glucose,  and  since 
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it  is  assumed  that  all  glucose  formed  in  the  body  is  excreted  when 
tfcke  D:N  ratio  is  3.65:1,  one  is  hardly  justified  in  accepting  that 
ra,t,io  as  indicating  the  amount  of  glucose  derivable  from  protein, 
cltmjI  assuming  an  additional  derivation  from  glycerol.  For  if  the 
lat>ter  assumption  is  correct,  some  portion  of  the  glucose  excreted 
by  the  "total"  diabetic  or  the  completely  phlorhizinized  animal 
irxxost  have  come  from  glycerol,  and  the  D :  N  ratio  would  there- 
fore be  greater  than  actually  represents  the  maximum  deriva- 
tion from  protein.  The  assumption  as  to  glycerol  thus  seemed 
inconsistent  with  the  value  adopted  for  the  antiketogenic  frac- 
tion of  protein.  Based  on  this  reasoning,  I  adopted  a  lower  value 
for  the  glucose  equivalent  of  protein,  corresponding  to  a  D:N 

TABLE  I. 
Ketogenic-Antiketogenic  Influence  of  Foods. 

**asis  of  calculations  presented  to  American  Society  of  Biological  Chemists, 

and  since  slightly  revised. 


F 
I* 


**>tein,  1  gm.  N 

^rbohydrate  glucose. 


Per  gram. 


Calo- 
ries. 


milli- 
molt 

9.46 
126.5 
3.76 


Keto- 
genic. 


milli- 
mols 

3.43 
11.7 
0 


Anti- 
keto- 
genic. 


tnilli- 
moU 

1.14 
33.0 
11.12 


Excess. 


Keto- 
genic. 


milli- 
mols 

2.29 


Anti- 
keto- 
genic. 


milli- 
mote 


21.3 
11.12 


Per  calorie. 


Keto- 
genic. 


milli- 
mols 

0.363 
0.442 


Anti- 
keto- 
genic. 


milli- 
mda 

0.1205 

1.245 

2.96 


Excess. 


Keto- 
genic. 


milli- 
mol* 

0.242 


Anti- 
keto- 
genic. 


milli- 
mote 


0.803 
2.96 


o  of  3:1,  (1  gm.  of  urine  N  X  16.5  =  millimols  glucose  from 
^^otein).  Using  this  value  instead  of  N  X  20,  the  value  used  in 
ier  papers  and  multiplying  the  total  mols  of  glucose  by  2 
fgive  its  antiketogenic  equivalents,  I  analyzed  data  from  a 
^^ttcrber  of  subjects  with  rather  striking  agreement  between  the 
Ji^lcmlated  and  actual  hydroxybutyric  acid  (total  excretion). 
«se  results  and  certain  deductions  from  them  were  presented 
ore  the  American  Society  of  Biological  Chemists  in  December, 
1  (10).  The  factors  used  in  those  calculations  are  given  in 
le  I.  These  values  very  often  work  surprisingly  well,  but  since 
t-u^y  were  later  modified  it  is  hardly  worth  while  to  print  the  tables 
°*  calculations. 
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Later  analyses  of  other  data  have  made  me  doubt  the  wisdom 
of  reducing  the  estimate  of  the  glucose  equivalent  of  protein,  and 
point  rather  to  the  conclusion  that  the  first  estimate  of  the  keto- 
genic  value  of  protein  is  too  low.  The  reasons  for  this  doubt  are 
briefly  as  follows.  Well  authenticated  results  from  a  very  few 
notably  severe  cases  of  diabetes  show  on  occasional  periods  an 
excretion  of  glucose  definitely  greater  than  corresponds  to  a  D:N 
ratio  of  3.6  and  which  can  be  accounted  for  best  by  assuming  the 
formation  of  about  3.6  gm.  from  protein  for  each  gram  of  nitro- 
gen and  the  conversion  of  glycerol  into  glucose.  The  results  for 
the  Du  Bois  and  Lusk  case  ''Cyril  K"  (11)  on  December  15  to 
17  are  a  good  example;  57  gm.  of  glucose  were  excreted  during  3 
days  over  and  above  the  amount  calculated  from  a  maximum 
D:N  of  3.65.  The  explanation  seems  justifiable  that  the  surplus 
glucose  was  formed  from  the  glycerol  of  fat  burned.  If  such  be 
accepted  for  a  single  case,  it  would  seem  necessary  to  assume  as 
great  a  derivation  of  glucose  from  protein  and  glycerol  by  other 
subjects  who,  however,  burn  all  or  some  portion  of  it.  But  if 
glucose  is  formed  to  this  extent,  the  estimate  of  the  ketogenic 
value  of  protein  must  be  increased,  because  the  result  of  the  metab- 
olism of  protein  is,  in  many  subjects  at  any  rate,  the  excretion  of 
more  hydroxybutyric  acid  than  would  otherwise  be  expected 
from  the  calculated  "balance."  Since  the  analyses  of  muscle 
protein  for  the  ketogenic  amino-acids  probably  represent  mini- 
mum values,  a  higher  ketogenic  value  than  that  calculated  would 
not  be  surprising. 

After  many  trials  on  the  data  of  many  subjects,  I  have,  therefore 
arbitrarily  increased  the  protein  ketogenic  factor  by  50  per  cent. 
The  justification  for  the  change  is  that  calculations  show  better 
agreement. 

The  factors  for  the  calculation  of  the  ketogenic  balance,  modified 
as  explained  above,  may  be  summarized  as  follows.  In  this  form 
there  are  only  two  changes  from  the  factors  used  in  the  earlier 
papers ;  an  increase  in  the  ketogenic  value  of  protein,  and  the  multi- 
plication of  the  total  mols  of  glucose  by  2  to  give  the  "total  anti- 
ketogenic equi  vaunts." 


*. 
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Ketogenic  Equivalent  as  MiUimols  Acetoacetic  Acid. 

Protein  (a)  gm.  urine  N  X  15 

r»    .  3  X  1,000 

**t  (6)  gm.  fat  burned  X   — — { —  =  gm.  fat  X  3.45 

874 

or»  since  1  gm.  fat  =  9.46  Cal., 

Calories  of  fat  burned  X  „  m   „  %   X  3.43  -  fat  Cal.  X  0.363 

9. 46  Cal. 

Glucose  Equivalents  in  MiUimols. 
Carbohydrate        (c)  gm.  glucose  X  J—  =  gm.  glucose  X  5.56 

JoU 

^  3.6  X  1,000 

Protein  (d)  gm.  urine  N  X  =  urine  N  X  20 

loU 

1X1  000 
^**at  (e)  gm.  fat  burned  X  — — : —  =  gm.  fat  X  0.57 

874  X  2 

1X1  000 

or    <^a.lories  of  fat  burned  X  - '■— —  =  Cal.  of  fat  X  0.06 

874  X  2  X  9.46 

,JT,  .         ...  Total  ketogenic  mols       a  +  b 

" Ketogenic  ratio"  — .   '       •. = : 

Total  mols  glucose  c  +  a  +  e 


««-■•-'— 


^trogenic  balance"  =  Total  ketogenic  mols  —  (2  X  total  glucose  mols) 

=  (o  +  b)  -  2  (c  +  d  +  e). 

Testing  the  Ketogenic- Antiketogenic  Factors. 

"VVe  may  now  see  how  the  factors  developed  above  work  out  when 
a  Implied  to  data  from  various  subjects  with  severe  ketosis.  With 
k**^  exception  of  one  case  of  diabetes,  all  of  the  data  are  taken 
*  **Oiri  the  work  of  others  already  published.  A  large  part  of  the 
Sv*it,able  data  which  I  have  found  in  the  literature  is  included, 
a***d  I  have  not  excluded  data  which  show  poor  agreement  with  the 
c^lo\ilations. 

l^or  the  calculation  of  the  ketogenic  balance  it  is  necessary  to 

lo^w  the  amounts  of  the  three  foodstuffs  metabolized,  and  to 

^ble  to  assume  that  the  proportions  remained  approximately 

c°*xstant  during  the  period.     On  the  latter  point  one  can  have  no 

^'^Varance.     The  protein  metabolized  is  reckoned  from  the  urinary 

^itirogeD.    Food  carbohydrate,  if  not  excreted  as  glucose,  is  sup- 
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posed  to  be  burned;  in  the  cases  with  severe  ketosis  to  be  discussed, 
fasting  and  diabetics,  very  little  glucose  (except  from  protein  and 
glycerol)  could  have  been  burned,  and  the  assumption  is  approxi- 
mately correct.  The  only  way  to  determine  the  amount  of  fat 
burned  is  by  calculation  from  the  total  metabolism,  and  this  is 
one  of  the  chief  errors  and  difficulties.  Few  if  any  subjects  with 
marked  ketosis,  and  with  determinations  of  the  total  acetone, 
have  been  studied  for  whole  days  or  long  periods  in  a  respiration 
apparatus.  Many  data  are  available  which  include  determina- 
tions of  resting  metabolism  for  short  periods,  but  considerable 
additions  must  be  added  to  cover  muscular  activity  and  other  in- 
creases of  metabolism  throughout  the  day,  and  the  amount  of 
these  additions  is  scarcely  better  than  a  guess.  Until  suitable 
subjects  are  studied  continuously  in  a  calorimeter,  all  one  can  do 
is  to  estimate  the  total  calories  of  metabolism.  From  this  doubt- 
ful estimate  the  fat  burned  may  be  calculated  by  subtracting  the 
protein  calories  (urine  N  X  26.5)  and  carbohydrate  if  any  (glu- 
cose X  3.76),  and  dividing  the  remainder  by  9.4  Cal. 

In  most  of  the  cases  to  be  analyzed  the  data  regarding  total 
metabolism,  and  therefore  of  fat  burned,  are  admittedly  question- 
able, and  to  any  who  are  inclined  to  doubt  their  value  on  this  ac- 
count, it  can  only  be  said  that  they  represent  the  best  now  available 

Fasting  Subjects. 

Subject  "L"  during  31  Day  Fast  (F.  G.  Benedict,  £).— The  data 
from  this  well  known  experiment  are  among  those  most  suitable 
for  our  calculation,  and  have  been  used  on  earlier  pages.  For  each 
of  the  31  days  of  the  fast,  Benedict  records  the  probable  total 
energy  exchange  for  24  hours.  The  respiratory  quotients  on  the 
4th  day  indicate  that  only  4.3  gm.  of  glycogen  were  oxidized, 
and  we  have  assumed  that  beginning  with  the  5th  day  no  carbo- 
hydrate (other  than  that  derived  from  protein  and  fat)  was  burned. 
From  the  5th  day  on,  the  total  energy  was  thus  derived  from  fat 
and  protein,  and  the  total  calories  minus  the  protein  calories 
(urine  N  X  26.5)  equals  the  fat  calories.  Theketogenic  balance 
is  calculated  by  multiplying  the  corresponding  amounts  of  protein 
(nitrogen)  and  of  fat  (or  calories  from  fat)  by  the  respective  fac- 
tors given  on  page  407.  The  excess  of  ketogenic  over  antiketogenic 
equivalents  multiplied  by  0.104  (104  being  the  molecular  weight 
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of  hydroxybutyric  acid),  gives  the  expected  total  hydroxybutyric 
acid  in  grams.  Unfortunately  for  our  purpose,  the  acetone  and 
aoetoacetic  acid  excretion  was  not  determined  and  Benedict  re- 
cords only  the  urinary  hydroxybutyric  acid;  the  total  acetone 
Ixxlies,  however,  include  not  only  acetone  and  acetoacetic  acid 
of  urine  but  acetone  exhaled,  and  this  total  we  have  estimated  at 
tLfcxmt  50  per  cent  greater  than  the  amount  of  the  recorded  hy- 
drcxybutyric  acid.  While  such  an  estimate  is  admittedly  a  rough 
approximation,  the  total  is  not  large  and  the  error  cannot  be  very 
serious. 

The  details  are  given  in  Table  II.  It  will  be  noted  that  although 
there  are  fluctuations  in  the  degree  of  agreement  between  expected 
a**d  excreted  total  hydroxybutyric  acid  from  day  to  day  (Columns 
13  and  14)  the  uniform  similarity  of  the  figures  is  striking.  The 
totals  for  27  days  are  133  gm.  expected  and  162  gm.  excreted,  an 
agreement  which  is  close  enough  to  indicate  that  the  basis  of 
calculation  is  at  least  approximately  correct. 

Fasting  Obese  Woman  "Mrs.  McK"  of  Means  (12)  andFolin  and 
&eni$  (IS). — This  subject  underwent  three  fasts  of  4  and  5  days 
ea-ch,  separated  by  an  interval  of  several  days  with  food.  Toward 
the  close  of  each  fast  she  excreted  from  17  to  24  gm.  of  total  hy- 
(^roxybutyric  acid.  The  resting  metabolism  was  determined  by 
^ea,ns  from  which  the  total  energy  exchange  may  be  roughly 
esWnaated  by  adding  10  per  cent  to  allow  for  the  increased  metab- 
°*isoQ  resulting  from  muscular  activity.  This  addition  is  ad- 
rcilttedly  subject  to  considerable  error,  but  is  approximately  the 
es'titiiate  by  Du  Bois  to  cover  the  extra  metabolism  from  muscular 
^°ti  vity  of  a  hospital  patient,  and  is  perhaps  as  close  as  it  is  possible 
"°  estimate  the  daily  energy  exchange  of  such  subjects  without 
eo**tinuous  determinations. 

To  the  energy  exchange  it  is  theoretically  necessary  to  add  the 
c^lorie  value  of  the  material  excreted  unburned,  in  this  case  the 
^•^^^trone  bodies,  since  they  were  derived  from  fat  and  protein 
c^t3.bolized,  even  though  incompletely.     The  sum  of  these  quanti- 
l^s   then  represents  the  calorie  value  of  the  total  material  eatab- 
le ^^d,  which  is  assumed  to  consist  in  this  case  of  fat  and  protein. 
^**<i  the  total  calories  minus  the  calories  from  protein  equals  the 
^^lorie  equivalent  of  the  fat  burned. 
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TABLE  II. 

Ketogenic  Balance  of  Benedict's  Subject  "L"  during  Fast. 
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As  an  example  of  the  calculation,  on  the  4th  day  of  the  first 
fast  the  calorie  value  of  total  material  metabolized  was: 


110  per  cent  X  200  cc.  O,  pern 

4.07  Cal.  per  liter  O, 
24.0    gm.    total    hydroxy butyrji 


acid    X    4.69  Cal.  -     115  Cal. 
2,039  Cal. 
5)  =  1,790  Cal.  from  tat. 
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Ketogenic  Balance. 


Ketogenic. 

Glucose. 

9.4  inn.  N 

mUlimols 

141  (9.4  X  15) 
649  (1,790  X  0.363) 

millimoU 
188  (9.4  X  20) 

1,790  Cal.  from  fat 

107  (1,790  X  0.06) 

Total 

790 

295 

790 -(2  X  295)  -  200  excess  ketogenic  millimols. 


200X 


104 
1,000 


—  20.8  gm.  total  hydroxybutyric  acid  expected. 


There  were  actually  excreted  on  this  day  the  equivalent  of 
24.6  gm.  of  total  hydroxybutyric  acid.  The  details  of  the  same 
calculation  for  the  last  2  days  of  each  fast  are  given  in  Table  III, 
from  which  it  appears  that  the  calculated  expectation  (Column 
16)  on  the  last  day  of  each  fast  at  least  approximates  the  amount 
excreted  (Column  17).  On  the  4th  day  of  the  second  fast  and 
the  3rd  day  of  the  third  fast  much  less  was  excreted  than  expected 
and  this  is  interpreted  to  mean  that  on  these  days  the  subject 
was  still  using  some  glycogen.  It  is  not  unlikely  that  glycogen 
was  burned  also  on  the  last  days  of  the  second  and  third  fasts, 
and  that  better  agreement  might  have  resulted  if  the  fasts  had 
been  prolonged.  The  "adaptation"  to  repeated  fasts  illustrated 
by  this  patient,  and  pointed  out  by  Folin  and  Denis  probably  is 
to  be  explained  by  the  longer  retention  of  stored  glycogen,  and  is 
an  important  phenomenon  requiring  further  investigation.  The 
greater  ketosis  of  this  subject  is  evidently  due  to  the  relatively 
smaller  catabolism  of  protein,  about  7  per  cent  of  the  total  cal- 
ories compared  to  about  18  per  cent  in  the  case  of  Subject  "L" 
above. 

Grafe' s  Fasting  Subject  "  M.K"  (14)- — A  woman  of  27  years, 
weight  52  kilos  fasted  about  3  weeks  in  a  catatonic  stupor.  During 
the  latter  part  of  the  period,  the  subject  was  placed  in  a  respira- 
tion chamber  for  many  hours  daily,  and  the  total  metabolism 
and  respiratory  quotients  carefully  determined.  From  these  data, 
Grafe  calculated  the  total  energy  exchange  for  24  hours.    A  num- 
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k^  of  urine  analyses  were  also  made,  including  total  nitrogenr 
a<setone  +  acetoacetic  acid,  and  hydroxybutyric  acid,  the  latter 
t^y  Magnus-Levy's  extraction  method.  The  data  given  by  Grafe 
thus  almost  ideal  for  our  calculation  of  the  ketogenic  balance, 
the  purpose  I  have  taken  Grafe's  own  figures  for  the  calories 
fat,  and  these  with  the  urine  total  nitrogen,  multiplied  by 
factors  stated  above  (used  for  all  calculations  in  the  present 
r)  give  the  data  for  the  ketogenic  balance  on  5  days,  the  15th 
H9th  of  the  fast,  presented  in  Table  IV.  In  the  last  column 
lumn  15)  of  the  table  are  found  the  total  amounts  of  acetone 
ies  excreted,  expressed  as  grams  of  hydroxybutyric  acid,  and 
^fche  preceding  column  (Column  14)  the  amount  expected  from 
^-t*^  calculated  "balance."  The  agreement  is  astonishingly  good, 
^•*"*^  total  calculated  for  the  5  days  being  88  gm.  and  the  amount 
c^xeted  (exclusive  of  acetone  exhaled)  is  72  gm. 
^Bonniger  and  Mohr's  Fasting  Subject  Schenk  (15). — "Hunger- 
:*nstlerin,"  48  years  old,  152  cm.  height,  and  54.41  kilos  weight 
2nd  day  of  fast),  in  bed  except  for  short  periods.  Data  are 
orded  on  the  total  hydroxybutyric  acid  (including  acetone 
aled)  and  the  total  nitrogen  excretion.  The  metabolism  was 
-ermined  and  publication  of  the  results  by  Mohr  is  promised 
b  has  not  been  found  in  the  literature. 

n  the  absence  of  better  information,  we  have  estimated  the 

tabolism  and  calculated  the  ketogenic  balance  during  4  days, 

5th  to  8th  day  of  fast.     The  average  weight  during  this  period 

51.6  kilos,  which  according  to  the  Du  Bois  height-weight  chart 

es  a  surface  area  of  1.46  sq.  m.,  and  1.46  X  36.9  cal.  X  24 

.  =  1,293  cal.  per  day,  normal  basal  for  a  woman  of  the  same 

Add  10  per  cent  to  cover  movements  in  bed,  and  assume 

t  the  decrease  in  metabolism  as  a  result  of  fasting  was  propor- 

»ately  the  same,  as  found  by  Benedict  with  Subject  "L" 

erage  of  12  per  cent  less  on  5th  to  8th  fast  days  than  on  1  fast 

). 

,293  -f-  129  -  1,422-159  =  1,2G3  cal. 

Tlie  average  nitrogen  excretion  for  the 4  days  was  7.25  gm.  X  26.5  =  192 
"  -  from  protein.    1,263-192  =  1,071  cal.  from  fat. 
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From  these  figures  the  ketogenic  balance  is  as  follows: 


Ketogenic. 

Glucose  equivalents. 

Protein,  7.25  gm.  N 

Fat,  1,071  cal 

millimpU 

109  (7.25  X  15) 
389  (1,071  X  0.363) 

millimoU 

145  (725  X  20) 
64  (1,071  X  0.06) 

Total 

498 

209 

498- (209  X  2)  =  80  =  8.3  gm.  hydroxybutyric  acid  expected. 
Average  actually  excreted  per  day  =  17.0  gm. 

The  agreement  is  not  close,  but  considering  the  uncertainty  as 
to  total  metabolism,  is  moderately  satisfactory.  If  the  total 
calories  were  200  or  300  higher  per  day,  almost  perfect  agreement 
would  result. 

Cases  of  Brugsch  (16). — Among  the  data  on  ketosis  of  starva- 
tion to  be  found  in  the  literature,  are  the  observations  of  Brugsch 
during  the  last  10  days  of  a  30  day  fast  of  Succi,  and  on  an  ex- 
tremely emaciated  woman  with  a  complete  esophageal  stenosis. 
Succi  was  found  to  excrete  from  7  to  12  gm.  of  total  hydroxybu- 
tyric acid  per  day,  while  the  urine  of  the  emaciated  woman  contained 
no  acetone  bodies.  Since  information  as  to  Succi's  total  metabolism 
at  this  time  is  not  available,  and  because  of  the  doubtful  method 
used  for  determination  of  hydroxybutyric  acid,  we  shall  not  at- 
tempt the  calculation  of  his  ketogenic  balance;  the  results  of  such 
calculation  would  not  be  exceptional.  But  the  remarkable  ab- 
sence of  ketosis  in  the  emaciated  patient  merits  brief  comment. 
Brugsch  interpreted  the  absence  of  ketosis  as  being  due  to  the 
fact  that  the  body  fat  had  been  absolutely  depleted,  the  energy 
requirement  being  supplied  wholly  from  protein;  and  hence  he 
concluded  that  body  fat  is  the  source  of  the  acetone  bodies.  But 
it  is  scarcely  possible  that  even  so  extremely  emaciated  a  person 
as  this  one,  burned  no  fat.  The  woman  was  56  years  old,  175 
cm.  tall,  and  weighed  32  kilos.  Her  nitrogen  excretion  was  5.46 
gm.  (on  the  day  before  operation),  corresponding  to  protein  whose 
maximum  available  energy  value  is  5.46  X  26.5  cal.  =  145  cal. 
Her  total  metabolism  is  unknown,  but  was  doubtless  at  least  20 
cal.  per  kilo  per  day  or  say  600  cal.  Something  like  450  cal.  or 
75  per  cent  of  the  total  must  therefore  have  been  derived  from 
the  small  (and  doubtless  invisible)  remainder  of  body  fat.    From 
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the  metabolism  of  such  a  mixture,  we  should  expect  the  following 
ketogenic  balance. 


Ketogenic. 

Antiketogenic  equivalent. 

Fat,  450  cal 

millimoU 

82  (5.46  X  15) 
163  (450  X  0.363) 

mtUimoU 

218  (5.46  X  20  X  2) 
54  (450  X  0.06  X  2) 

Total 

245 

272 

Since  the  ketogenic  millimols  are  less  than  the  available  anti- 
ketogenic equivalents,  little  or  no  ketosis  would  be  expected. 
We  should  say,  therefore,  that  the  absence  of  ketosis  was  due  to 
relatively  high  protein  metabolism  (about  24  per  cent  of  the  total) 
and  that  the  glucose  formed  from  protein  was  sufficient  to  supply 
the  necessary  ketolytic  substance. 

Subjects  of  Wilder  and  Winter  (7). — Very  recently  these  authors 
have  reported  valuable  data  from  sixteen  different  subjects  all 
but  three  of  whom  excreted  small  amounts  of  total  acetone  and 
represent  the  border-line  or  threshold  of  ketosis.  One  of  the  three 
was  an  epileptic,  Case  A366687,  on  the  11th  day  of  fasting  and 
had  sufficiently  marked  ketosis  (about  10  gm.  total  hydroxybuty- 
ric  acid)  to  justify  a  calculation  of  the  ketogenic  balance.  The 
data  given  by  Wilder  and  Winter  may  be  used  as  follows:  The 
determined  resting  metabolism  (1,335  cal.  for  24  hours)  increased 
by  10  per  cent  to  allow  for  muscular  activity,1  gives  1,469  cal. 
as  the  estimate  of  the  heat  produced. 

To  this  the  calorie  value  of  the  total  hydroxybutyric  acid  ex- 
creted is  added,  the  sum  being  the  estimated  value  of  the  total 
material  metabolized. 

cal 

Resting  metabolism  (determined  for  short  periods) 1, 335 

Adding  for  muscular  activity  (10  per  cent) 134  ■ 

Calorie  value  of  5.7  gm.  total  acetone  X  1.8    =10.25  gm. 
hydroxybutyric  acid  X  4.7 48 

Estimated  total  metabolism 1, 517 

1,617  cal.-(6.G2  gm.  urine  N  X  26.5)  =  1,341  cal.  from  fat. 

1  Since  the  subject  was  fasting,  the  additional  allowance  of  10  per  cent  for 
food  made  by  Wilder  and  Winter  is  omitted. 
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1 

Kctogenic. 

Antiketogenic. 

Fat 

millimoU 

487  (1,341  X  0.363) 
99  (6.62  X  15) 

millimoU 

161  (1,341  X  0.06  X  2) 

Protein 

265  (6.62  X  20  X  2) 

Total 

586 

426 

Excess  =  160  ketogenic  millimols  X 


104 
1,000 


=  16.6  gm.  calculated  total 


hydroxybutyric  acid;  excreted  10.25  gm. 

The  ketosis  is  thus  approximately  accounted  for.  The  other 
two  cases  with  marked  ketosis  were  diabetics  on  diet  and  will  be 
mentioned  later. 

Severe  Diabetics  with  Marked  Ketosis. 

"Cyril  K"  of  Lusk,  Du  Bois,  and  Collaborators  (11). — The 
admirably  complete  data  from  this  subject  are  exceptionally 
valuable  and  permit  a  reasonably  satisfactory  analysis  of  the  keto- 
genic factors,  and  were  so  used  by  the  writer  in  a  former  paper  (2). 
A  recalculation  based  upon  the  revised  ketogenic-antiketogenic 
values  is  presented  in  Table  V.  The  same  method  of  calculation 
is  followed  as  with  the  preceding  fasting  non-diabetic  subjects. 
The  total  heat  produced  for  24  hours  is  taken  as  110  per  cent  (X 
24  hours)  of  the  determined  hourly  resting  heat  production  (the 
indirect  cal.  per  hour  from  Table  V  of  the  paper  by  Lusk  and 
coworkers).  To  this  value  is  added  the  calories  of  total 
hydroxybutyric  acid  and  of  the  "extra"  glucose2  excreted,  the 
sum  being  the  calorie  equivalent  of  the  total  material  catab- 
olized  (some  of  it  incompletely)  during  the  24  hours.  This 
consisted  only  of  protein  and  fat  (no  food  CH  was  burned)  and 
the  value  of  the  latter  is,  Total  calories  —  protein  calories  (N  X 
26.5)   =  calories  of  fat  catabolized. 

From  these  data  the  total  ketogenic  and  equivalent  antiketo- 
genic millimols  are  calculated,  and  from  the  latter  are  subtracted 
the  antiketogenic  equivalents  of  the  "extra"  glucose  (from  pro- 
tein or  glycerol)  which  the  subject  excreted  and  thus  failed  to 
use.     The  excess  of  ketogenic  over  the  net  antiketogenic  milli- 

*By  "extra"  glucose  is  meant  that  derived  from  protein  or  fat  and 
excreted.  It  is  assumed  to  be  represented  by  the  excess  of  urine  glucose 
over  the  food  carbohydrate. 
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mols,  multiplied  by  0.104  represents  the  expected  total  hydroxy- 
butyric  acid. 

On  the  first  3  days  of  the  period  of  calorimeter  observations, 
and  when  the  subject  received  a  high  protein,  high  fat  diet,  the 
agreement  is  not  good,  some  30  or  40  gm.  less  being  excreted  than 
expected  from  the  computation;  but  for  the  remaining  5  days  the 
calculation  approximately  parallels  the  excretion.  Assuming  the 
hydroxybutyric  acid  analyses  to  be  correct,  I  can  offer  no  explana- 
tion of  the  discrepancy,  unless  it  be  that  some  was  burned  without 
reaction  with  ketolytic  substance.  The  later  close  agreement  is 
interpreted  as  supporting  the  general  method  of  calculation,  and 
the  hypothesis  upon  which  it  is  based.  For  the  last  5  days,  the 
total  calculated  hydroxybutyric  acid  is  193  gm.  and  the  amount 
excreted,  193  gm.  (not  including  acetone  exhaled,  which  was  not 
determined). 

Case  No.  7Jfi  of  Joslin  {17).— This  case  like  Subject  "Cyril 
K"  discussed  above,  is  one  of  a  very  few  upon  whom  sufficient 
data  is  recorded  to  permit  satisfactory  analysis.  Joslin  reports 
among  other  data  the  acetone,  acetoacetic  acid,  hydroxybutyric 
acid,  glucose,  and  nitrogen  excretion  and  the  total  calories  (at 
rest)  for  24  hours.  I  have  increased  the  latter  by  10  per  cent  to 
allow  for  muscular  movements  and  from  these  values  the  ketogenic 
balance  has  been  calculated  for  9  days.  The  details  are  given  in 
Table  VI.  The  acetone  body  excretion  is  fairly  satisfactorily 
accounted  for  by  the  excess  of  ketogenic  substance  in  the  mixture 
burned,  though  the  amounts  expected  are  usually  greater  than 
actually  excreted.  Total  calculated  for  9  days,  130  gm.;  ex- 
creted 95  gm.  (not  including  acetone  exhaled).  The  agreement 
would  be  better  without  making  the  allowance  of  10  per  cent 
additional  calories. 

A  very  interesting  and  important  point  shown  by  the  data  of 
this  subject  is  that  his  net  total  carbohydrate  tolerance  (repre- 
sented by  the  jiet  total  glucose  equivalents,  Column  19  in  Table 
VI)  remained  practically  constant  throughout  the  period  and 
that  the  marked  fall  in  the  ketosis  was  not  due  to  an  improvement 
in  "tolerance,"  but  solely  to  the  decrease  in  total  metabolism  (from 
undernutrition)  and  in  the  consequent  amount  of  ketogenic  mate- 
rials in  the  metabolic  mixture.  With  the  fall  in  the  total  metabo- 
lism, the  rate  of  ketogenic  metabolism  decrease  to  a  point  where 
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it>     r*o  longer  exceeded  by  a  large  margin  the  rate  of  production 
of      Isetolytic  substance  {i.e.,  the  almost  stationary  total  glucose 
tolerance).     The  "balance"  becoming  more  favorable,  the  keto- 
*    declined. 

-2\rlo8enthal  and  Lewis9  Severe  Diabetic  E.  W.  (18). — A  woman 
«f>l  years,  weight  55  kilos,  height  163  cm.,  with  an  ulcer  of  foot 
temperature  102°F.     Full  data  are  given  for  urine  analyses,  t 
i  *~*  <^1  Tiding  acetone  +  acetoacetic  and  hydroxybutyric  acid.     The 
:abolism  was  not  determined,  and  a  more  or  less  arbitrary 
mate  is  necessary.     In  view  of  the  fever,  I  have  taken  the 
value  of  130  per  cent  of  the  normal  basal  for  a  woman  of  the 
e  weight  and  height,  and  have  assumed  that  it  remained  con- 
»t  throughout  the  period;  both  are  open  to  considerable  error 
the  results  of  the  calculation  can  therefore  be  only  rough 
roximations.     The  amounts  of  urine  glucose  —  food  carbohy- 
te  =  "extra"  glucose,  derived  from  protein  or  glycerol. 

1,800  cal.  (normal  basal)  X  130  per  cent  +  cal.  value  of  "extra"  glu- 
+  cal.  value  of  total  hydroxybutyric  acid  —  cal.  of  total  metabolism. 
Cal.  of  total  metabolism  —  (urine  N  X  26.5  cal.)  =  cal.  from  fat. 

T?he  total  ketogenic  and  glucose  equivalents  are  calculated  by 

^^Itiplying  by  the  factors  (p.  407)  and  from  the  gross  total  glucose 

^iviivalents  the  value  of  the  "extra"  glucose  (derived  from  protein 

w    glycerol  and  excreted),  is  subtracted.     The  total  ketogenic 

ttUllimols  —  (net  glucose  equivalents  X  2)  =  excess  ketogenic  milli- 

ttxols.     The  detailed  data  for  the  Jast  8  days,  when  the  urine 

collection  was  complete,  are  given  in  Table  VII. 
The  agreement  between  the  calculated  total  hydroxybutyric 

acid  and  the  amount  excreted  is  very  striking,  total  calculated  for 
8  days,  510  gm.;  total  excreted,  634  gm.  Since  the  estimate  of 
total  calories  is  probably  high  the  difference  perhaps  indicates 
either  that  some  of  ketolytic  substance  (glucose)  metabolized 
was  "wasted"  or  that  the  factors  in  the  calculation  are  not  correct. 
But  with  so  many  unknown  or  uncertain  factors,  a  closer  agree- 
ment can  scarcely  be  expected;  and  the  fact  that  this  very  severe 
ketosis  can  be  approximately  explained  can  be  interpreted  only  as 
confirmatory  of  the  calculations. 

Severe  Diabetic  "Bessie  B"  of  Wilder,  Boothby,  and  Beeler  (6). — 
The  remarkably  complete  observations  recently  published  by  these 
workers,  who  have  also  discussed  some  of  their  data  from  the  stand- 
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point  of  the  ketogenic  balance,  would  seem  to  be  splendid  material 
for  testing  our  calculations;  and  possibly  they  are,  though  the 
results  show  poorer  agreement  than  any  previously  encountered. 
I  have  recalculated  the  data  on  this  subject,  taking  the  averages 
for  each  diet  period,  the  details  being  given  in  Table  VIII.     The 
calculations  are  made  as  in  the  other  diabetic  subjects.     The 
total  heat  produced  in  24  hours  (Column  10)  is  taken  at  10  per 
cent  over  the  average  of  hourly  determined  rate  (Column  9) 
«id  to  this  is  added  the  calorie  value  of  the  average  total  acetone 
(as  hydroxybutyric  acid)  and  of  the  extra  glucose  (urine  glucose— 
food  carbohydrate).     From  this  sum  representing  the  gross  metab- 
olism,  the  calories  from   protein  (N  X  26.5)  and  from  carbo- 
hydrate (if  any)  are  subtracted,  the  remainder  being  the  calories 
from  fat.     From  these  data  the  ketogenic  balance  is  calculated 
for  each  period.     The  results  (Columns  23  and  24)  are  not  satis- 
factory, showing  fair  agreement  in  only  four  or  five  out  of  the 
eleven  periods.     Although  a  rough  parallelism  is  indicated,  the 
error  is,  with  one  exception,  that  the  amount  of  hydroxy-acid 
excreted  is  less  than  expected  from  the  calculation. 

Assuming  the  analytical  and  dietary  data  to  be  correct,  there 
are  a  number  of  possible  interpretations:  (a)  That  the  factors 
\ised  in  calculating  ketogenic  mols  are  too  high;  or  (6)  that  the 
estimate  of  total  metabolism  is  too  high  (unlikely) ;  or  (c)  that  some 
lceto-  or  hydroxy-acid  was  burned  without  the  aid  of  ketolytic 
glucose.  Which  of  these  or  other  possibilities  may  explain 
"the  discrepancy  it  is  not  possible  to  say.  In  view  of  the  better 
^agreement  in  nearly  all  of  the  other  cases,  it  seems  preferable  at 
present  to  leave  the  questions  open  and  to  expect  that  some  sub- 
jects may  occasionally  exhibit  such  exceptional  behavior. 

Severe  Diabetic  "Kramer.71 — This  subject  was  a  man  of  about 
25  years,  weight  55  kilos,  with  very  severe  ketosis,  studied  by 
the  writer  over  a  long  period  in  1914  in  the  Washington  University 
Bospital.  Day  and  night  special  nurses  were  provided  to  secure 
accurate  diet  administration  and  urine  collection.  Quite  com- 
plete data  are  available  as  to  diet  and  urinary  analyses,  but  the 
metabolism  was  not  determined,  and  can  only  be  guessed  at. 
Table  IX  gives  the  essential  details  for  14  days,  during  the  period 
of  highest  ketosis.  During  the  period  April  13  to  17,  on  a  high 
protein  diet,  with  very  high  ketosis  the  total  heat  produced  is 
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estimated  at  120  per  cent  of  the  normal  basal  for  a  man  of  the  same 
size;  and  during  the  other  periods,  at  the  normal  basal  (1,580 
cal.).  The  calculations  of  the  ketogenic  balance  are  made  in 
the  same  way  as  described  above.  The  last  two  columns  of  the 
table  (Columns  20  and  21)  show  the  calculated  and  excreted  total 
hydroxybutyric  acid.  There  is  a  fairly  close  parallelism  between 
the  two  throughout  the  periods.  Although  in  the  second  period 
of  high  protein  diet  considerably  more  was  excreted  than  expected. 
Possibly  this  is  due  to  still  higher  metabolism  at  this  time.  But  in 
view  of  the  uncertainty  as  to  the  total  metabolism,  the  calcula- 
tions can  be  accepted  only  as  rough  approximations  to  illustrate 
the  probable  composition  of  metabolic  mixtures  which  produce 
very  marked  ketosis  in  diabetes.  With  a  tolerance  which  allowed 
the  catabolism  of  only  about  150  millimols  of  total  glucose  (27 
gm.)  in  24  hours,  all  fat  and  ketogenic  amino-acids  in  excess  of 
such  equivalents  failed  to  be  oxidized  past  the  stage  of  0-ketobu- 
tyric  acid.  Increasing  the  amount  of  food  protein  had  two  very 
undesirable  results;  added  more  ketogenic  molecules  to  the  mixture 
in  the  form  of  amino-acids,  and  probably  also  stimulated  the  total 
metabolism  and  thus  increased  the  number  of  fatty  acid  molecules. 
According  to  such  a  point  of  view  the  use  of  high  protein  diets 
in  diabetes  should  theoretically  be  avoided,  a  conclusion  which  is 
wholly  in  accord  with  the  dietetic  plan  advocated  by  Newburgh 
and  Marsh  (19)  and  recently  well  emphasized  by  Wilder,  Boothby, 
and  Beeler  (6). 

• 

Non-Diabetic  Subjects  on  Low  Carbohydrate,  High  Protein  Diets. 

Experiments  of  Higgins,  Peabody,  and  Fitz  {20). — The  authors 
were  the  subjects  and  took  during  4  days  diets  very  rich  in  pro- 
tein and  fat  but  practically  free  from  carbohydrate.  On  the  4th 
day,  two  of  the  subjects  excreted  15.5  and  25.5  gm.  of  total  hy- 
droxybutyric acid,  which  promptly  ceased  on  resuming  carbo- 
hydrate food.  The  urine  was  analyzed  and  the  resting  metabolism 
was  determined  by  spirometer  and  gas  analysis  at  8  a.m.  (before 
breakfast),  and  at  4  p.m.  daily. 

The  resting  metabolism  is  inadequate  for  estimating  the  total 
energy  exchange  of  active  men,  and  the  latter  value  must  again 
be  guessed  at.  Dr.  Higgins  in  a  personal  letter  has  kindly  given 
me  his  opinion  that  his  own  energy  exchange  during  the  experi- 
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mental  period  was  about  3,300  or  3,400  calories.  Since  the  weights, 
activity,  and  diets  of  the  three  subjects  were  approximately  the 
same/  we  may  assume  that  the  total  metabolism  of  each  was  about 
the  same,  3,400  calories  per  day.  On  this  assumption  the  keto- 
genic  balance  of  H.L.H.  and  F.W.P.  for  the  4th  diet  days  may  be 
calculated  as  follows.  Some  alcohol  taken  on  the  4th  day  has  been 
ignored  in  the  calculation. 

4th  Day  of  High  Protein  Diet. 


Kptograic. 

AntikMogenio 
(lluccwXZ). 
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H.L.H.  . 

3,400 

32.8 

m 

2,800 

1,017 

342 

1,369 

w 

912 

1,248 

111 

11.5 

25.0 

F.W.P.  . 

3,400 

23.7 

<i> 

2,772 

1,007 

355 

1,362 

332 

948 

1,280 

82 

8.5 

15.5 

In  both  cases  the  amount  excreted  was  considerably  greater 
than  the  calculated  expectation.  It  is  not  unlikely  that  the  glu- 
cose formed  from  protein  may  have  been  burned  soon  after  the 
absorption  of  the  amino-acids,  and  that  at  other  periods  of  the  day, 
less  ketolytic  material  was  therefore  available.  At  any  rate  the 
result  indicates  that  high  protein  diets  may  actually  have  greater 
ketogenic  influence  than  would  be  calculated  from  their  glucose 
equivalence. 

Data  are  recorded  by  the  authors  also  for  short  periods  on  the 
morning  of  the  5th  day,  beforeiood.  The  resting  oxygen  consump- 
tion per  minute  is  used  to  calculate  the  metabolism  and  the  calcu- 
lated ketogenic  balance  may  be  compared  with  the  total  hydroxy- 
butyric  acid  excreted  within  these  periods. 


F.W.P.    7a.It 


.,  June  12,  before  breakfast. 


Resting  metabolism  -   (0.207  liter  O,  X  4.08  cal.  X  120  min.)  =  150 

Add  30  per  cent  for  activity  =    45 

Total  metabolism  ■  105 
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195  cal.  -  (1.2  gm.  urine  N  X  26.5)  -  163  cal.  from  fat. 


Ketogenic. 

Glucose. 

Protein 

millimoU 

18(1.2X15) 
59  (163  X  0.363) 

millimoU 

24  (1.2  X20) 

Fat 

10  (163  X  0.06) 

Total 

77 

34 

77  -  (34  X  2)  =  9  =  0.9  gm.  hydroxybutyric  acid. 

Excreted   1.1   gm. 

Applying  the  same  calculation  to  the  other  subject,  we  get  the 
following: 


H.L.H.    6.45  to  9.15  a.m.    June  6.    2.5  hrs. 

Resting  metabolism  =  (0.299  liter  Os  X  4.68  X  150  min.) 

Add  30  per  cent  for  activity 
Add  cal.  value  of  0-acid  excreted  3.4  X  4.6 


cal. 

210 
63 
15 


Total  metabolism  =  288 


288  -   (2.5  gm.  N  X  26.5)  222  cal.  from  fat. 


Ketogenic. 

Glucose. 

Protein 

millimoU 

37.5  (2.5  X  15) 
80.5  (222  X  0.363) 

millimoU 

50  (2.5  X  20) 
13  (222  X  0.06) 

Fat 

Total 

118.0 

63 

Twice  the  glucose  millimols  slightly  exceeds  the  ketogenic  milli- 
mols,  and  but  little  ketosis  would  be  expected,  but  3.4  gm.  total 
hydroxybutyric  acid  were  excreted.  However,  it  is  not  unlikely 
that  the  estimate  of  the  total  metabolism  is  much  too  low  for 
this  subject. 

If  the  total  metabolism  be  taken  at  100  per  cent  over  the  resting 
value  (because  of  activity  in  walking  to  the  laboratory),  we  obtain 
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(If)  Total  metabolism,  435  cal.  -  66  =  369  cal.  from  fat. 


Ketogenic. 

Glucose. 

I>rotein 

mUHmoU 

37.5  (2.5  X  15) 
134.0  (369  X  0.363) 

mxllimoU 
50 

Fat 

22 

Total 

171.5 

72 

171.5  -   (2  X  72)  =  27.5  =  2.86  gm.  expected. 

Excreted  3.4  gm. 

Which  of  the  above  estimates  is  the  more  correct  it  is  impossible 
"to  say,  and  the  calculation  is  given  chiefly  to  illustrate  the  im- 
portance of  the  total  metabolism.  In  short  periods  variations 
in  the  rate  of  excretion  may  add  to  the  difficulty  of  such  an  analy- 
sis. On  the  other  hand,  the  fact  that  it  is  possible  to  harmonize 
the  figures  by  the  aid  of  altogether  reasonable  assumptions  as  to 
total  metabolism  serves  to  set  aside  the  apparent  discrepancy. 

Why  the  third  subject  of  Higgins,  Peabody,  and  Fitz  showed  no 
Icetosis  I  am  unable  to  explain,  unless  perhaps  it  is  due  either  to  a 
large  glycogen  reserve  which  lasted  throughout  the  4  days  of  the 
experiment,  or  to  considerably  lower  total  metabolism.  Another 
possibility  cannot,  of  course,  be  denied,  that  this  subject  burned 
keto-acid  without  reaction  with  ketolytic  substance;  but  I  should 
be  inclined  to  seek  some  other  explanation. 

Case  of  Hubbard  and  Wright  (J). — R.  S.  H.,  normal  man  doing 
laboratory  work.  The  total  metabolism  is  estimated  at  50  per 
cent  over  the  determined  basal,  or  1,750  X  150  per  cent  =  2,624 
cal.  per  day.  The  largest  excretion  of  acetone,  average  11.8  gm. 
liydroxybutyric  acid,  was  observed  on  July  21  and  22,  the  last 
days  of  a  period  on  a  diet  containing  32  gm.  of  carbohydrate. 
.Assuming  this  amount  of  carbohydrate  to  have  been  burned  evenly 
"throughout  the  day,  the  ketogenic  balance  may  be  calculated. 

2,625  -  (12.7  gm.  N  X  26.5)  -  (32  X  4.1  cal.)  -  2,185  cal.  from  fat. 


"Protein 

Fat 

Carbohydrate. 


Ketogenic. 


millimoU 

190.5  (12.7  X  15) 
783. 5  (2,158  X  0.363) 


Total. 


Glucose  equivalents. 
millimol* 

254  (12.7  X  20) 
130  (2,158  X  0.06) 
178 

562 


562  X  2  =  1,124  antiketogenic  equivalents. 
Ratio  keto  mols:  glucose  =  1.7 
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According  to  the  calculation,  there  was  an  excess  of  antiket< 
genie  equivalents;  but  11.8  gm.  of  hydroxy-acid  were  excreted.  _ 
The  result  may  be  variously  interpreted, — that  the  food  carbo — 
hydrate  (taken  in  three  meals)  was  burned  more  or  less  quickly  ^ 
after  absorption  and  thus  its  ketolytic  action  in  part  "wasted,""* 
that  the  metabolism  was  higher  than  supposed,  or  that  the  dis — 
crepancy  indicates  error  in  the  factors  of  the  calculation.     I  re-   - 
gard  the  first  or  second  as  the  more  likely.     The  discrepancy  is  * 
in  the  same  direction  as  found  with  the  subjects  of  Higgins,  Pea-    - 
body,  and  Fitz  and  is  often  encountered  in  analyzing  data  from    - 
normal  subjects  on  low  carbohydrate  diets.     The  effect  of  such 
nearly  "balanced"  diets  is  more  ketosis  than  expected  from  the 
calculations.     Data  of  this  sort  appear  to  be  less  favorable  for 
testing  the  factors  of  calculation  than  data  from  fasting  or  severe 
diabetic  subjects. 

The  calculation  of  data  from  diabetics  on  low  carbohydrate 
diets  very  recently  reported  by  Wilder  and  Winter  (7)  yields  simi- 
lar results.  Two  cases  (A376588  and  A375561)  with  30  and  14 
gm.  of  carbohydrate  in  the  diets,  have  a  calculated  excess  of  anti- 
ketogenic equivalents  with  consequent  expectation  of  no  (or  slight) 
ketosis.  But  the  subjects  excreted  6.2  and  5.0  gm.  of  total 
acetone.  Both  of  these  subjects  had  acute  infections,  naso- 
pharyngitis and  maxillary  sinusitis,  and  this  fact,  as  noted  by 
Wilder  and  Winter,  is  probably  one  reason  for  these  discrepancies. 

•We  have  seen  another  instance  of  the  effect  of  infection,  in  the 
data  from  the  Mosenthal-Lewis  case  presented  above.  Apparently 
the  existence  of  an  infection  may  in  some  manner  lower  the  effi- 
ciency with  which  the  body  utilizes  the  available  antiketogenic 
material.  One  can  imagine  that  such  an  effect  might  result 
either  from  uneven  circulatory  conditions  or  from  uneven  rates 
of  metabolism  during  the  day  and  variations  in  the  composition 
of  the  metabolic' mixture.  It  is  not  at.  all  impossible  that 
with  an  infection  the  metabolism  during  exercise  or  at  other 
times  may  be  much  greater  (and  richer  in  ketogenic  material) 
than  would  be  expected  from  determination  of  the  resting  metabo- 
lism during  brief  periods.  Whatever  the  explanation,  the  fact 
is  of  practical  importance,  and  I  believe  is  in  accord  with  clinical 
experience  with  diabetes. 


P.  A.  Shaffer  431 

A  wider  margin  of  safety,  in  the  form  of  more  carbohydrate  and 
of  greater  carbohydrate  tolerance,  is  needed  to  avoid  ketosis  in 
subjects  with  acute  infections,  than  in  their  absence. 

Landergren's  Subjects  {21). — The  data  contained  in  an  import- 
ant paper  by*  Landergren  on  ketosis,  would  be  very  valuable  for 
testing  the  factors  of  the  ketogenic  balance,  except  that  the  total 
metabolism  must  here  also  be  guessed  at.  A  number  of  different 
normal  subjects  (and  a  few  diabetics)  were  placed  on  diets  which 
produced  in  some  cases  marked  ketosis,  and  the  amounts  of  ace- 
tone +  acetoacetic  acid  and  0-hydroxybutyric  acid  were  deter- 
mined. Body  weights,  in  some  instances  heights,  and  a  descrip- 
tion of  the  subject's  activity,  allow  an  approximate  estimate  of 
the  probable  total  metabolism.  These  estimates  are  admittedly 
open  to  considerable  errors,  which  affect  especially  the  amounts 
of  fat  burned  and  consequently  the  end-results  of  the  calculated 
ketogenic  balance.  The  details  of  the  "balance"  for  the  normal 
subjects  on  the  last  day  of  diet  periods  are  shown  in  Table  X. 
The  small  amounts  of  alcohol  and  of  "N-freie  Subst."  in  the 
diets  of  some  subjects  are  ignored  in  the  calculations. 

The  results  show  some  discrepancies,  but  on  the  whole  the  agree- 
ment is  rather  remarkable.  The  comparison  is  indicated  by  the 
following  figures,  the  first  of  each  pair  being  the  calculated  grams 
of  total  hydroxybutyric  acid  and  the  second  the  amount  excreted: 
G.4  to  7.6;  0  to  6.6;  0  to  4.7;  28  to  15.5;  16  to  16.9;  15  to  17.1; 
17.0  to  41.8.  The  differences  are  here  also  in  the  direction  of 
greater  excretion  than  expected.  And  it  is  not  unlikely  that 
this  may  be  the  result  of  a  wasting  of  ketolytic  material  by  its 
periodic  absorption  and  catabolism  after  meals,  as  compared 
with  the  more  even  metabolism  of  fasting. 

It  is  worthy  of  note  that  the  remarkably  high  amount  of 
41  gm.  of  hydroxybutyric  acid  was  excreted  by  a  normal  man 
on  high  protein  diet,  who  indulged  in  rigorous  muscular  activity 
throughout  the  period  (28,000  steps  per  day  by  pedometer) .  A  very 
important  practical  point  is  here  illustrated:  that  muscular  activ- 
ity under  such  conditions  is  done  only  at  the  expense  of  fat  me- 
tabolism, and  that  an  increase  in  fat  metabolism,  if  glucose  is  not 
available  and  usable  may  produce  serious  ketosis.  Bursts  of 
muscular  activity  would  therefore  be  dangerous  in  severe  diabetes 
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^  ^  -ven  perhaps  in  some  non-diabetic  subjects  on  low  carbohydrate 


s. 
Such  a  conclusion  agrees  with  clinical  experience  in  diabetes. 

DISCUSSION. 

The  Threshold  of  Ketosis. 

Reviewing  the  data  and  results  of  calculation  so  far  presented, 

it  seems  to  the  writer  that  the  evidence  may  be  regarded  strong 

enough  to  establish  our  general  theory  as  the  explanation  of  anti- 

ketogenesis.    Although  a  single  instance  is  cited  which  is  possibly 

altogether  exceptional,  all  of  the  other  subjects  developed  their 

•  ketosis  in  accordance  with  a  common  rule.    We  are  inclined  to 

believe  also  that  the  quantitative  estimates  of  the  respective  keto- 

genic  and  antiketogenic  influences  of  fat,  protein,  and  carbohydrate 

are  shown  to  be  approximately,  but  only  approximately,  correct. 

As  more  reliable  data  are  accumulated  considerable  revision  will 

doubtless  be  found  necessary;  but  in  the  meantime,  it  may  be 

worth  while  to  see  how  the  conception  can  be  applied  to  practical 

problems. 

The  analyses  of  the  ketogenic  balance  appear  to  show  less  dis- 
crepancies when  severe  ketosis  exists,  that  is  to  say  when  there  is 
a  large  surplus  of  keto-acid  molecules  in  the  body  to  combine  with 
all  available  ketoly tic  molecules.  Under  such  circumstances  there 
appears  to  be  little  doubt  that  each  molecule  of  glucose  is  equiva- 
lent ketolytic  substance  for  2  molecules  of  keto-acid. 

Where  or  when  such  surplus  does  not  exist,  it  may  be  imagined 
that  some  glucose  molecules  are  oxidized  without  encountering 
keto-acid,  and  thus  its  ketolytic  value  is  wasted;  while  in  other 
cells  or  localities  there  may  be  a  deficit  of  glucose  with  consequent 
appearance  and  accumulation  of  the  acetone  bodies.  Such  a 
situation  would  result  from  uneven  or  unequal  distribution  of 
metabolites,  just  as  blockade  and  hoarding  during  war  time  food 
shortage  interfere  with  the  nutrition  of  some  individuals  and  of 
some  nations,  while  others  have  a  surplus.  This  is  the  state  of 
affairs  near  the  border-line  or  threshold  of  ketosis.  It  may  take 
considerably  more  than  the  theoretical  amount  of  total  glucose  to 
insure  its  reaction  with  every  molecule  of  keto-acid  formed  in 
the  body,  just  as  it  takes  a  surplus  of  food  to  insure  the  normal 
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nutrition  of  all  individuals  in  a  community.  The  amount  of  the 
excess  needed  to  avoid  all  ketosis  will  probably  vary,  depending 
upon  rate  of  absorption  and  evenness  of  distribution  and  metabo- 
lism; and  therefore,  one  would  perhaps  expect  the  metabolic 
mixture  of  the  whole  body  and.  its  ketogenic  ratio  to  vary  at  the 
threshold  of  ketosis  between  the  theoretical  ratio  for  the  ketolvtic 
reaction  and  a  considerably  higher  value.  And  this  is  exactly 
what  has  so  far  been  observed. 
The  data  submitted  in  earlier  papers  (2,  3)  by  the  writer  indi- 

ketogenic  mols 

cated  a  molecular  ratio  of   ,   ,  , — : =  about  1  at  the  bor- 

total  glucose 

der-line  of  ketosis.  The  same  conclusion  was  reached  by  essen- 
tially the  same  methods  of  calculation  by  Woodyatt  (4)  and  by 
Hubbard  and  Wright  (5).  But  more  recently  Wilder  and  Winter 
(7)  cite  a  number  of  cases,  with  very  slight  ketosis,  with  ratios 
between  1.2  and  2.0.  According  to  the  point  of  view  stated 
above,  both  conclusions  can  be  harmonized.  Some  subjects  un- 
doubtedly show  small  but  definitely  abnormal  amounts  of 
acetone  when  the  mixture  of  metabolites,  judged  by  the  respiratory 

quotients  or  by  calculation,  corresponds  to  a  ,   A  .    , ratio  of 

total  glucose 

about  1:1;  while  other  subjects  may  have  a  ratio  of  almost  2:1 
before  large  amounts  of  keto-  and  hydroxybutyric  acid  appear 
in  the  urine. 

In  further  illustration  of  this  fact,  the  calculations  of  some 
of  the  valuable  and  historically  interesting  data  of  Hirschfeld 
(1895)  might  be  presented  (22).  It  will  be  recalled  that  Hirsch- 
feld first  drew  the  important  conclusion  that  "nicht  in  Folge 
des  Hungers  und  des  Zerfalls  an  Korpereiweiss,  sondern  nur  in 
Folge  des  Fehlens  der  Kohlenhydrat  bei  Ernahrung  erfolgt  die 
Bildung  von  Aceton."  From  his  description  of  his  subjects 
(various  non-diabetic  hospital  patients),  their  body  weights,  the 
diets  and  their  duration,  the  excretion  of  urinary  total  nitrogen T 
and  acetone  plus  acetoacetic  acid,  I  have  calculated  the  approxi- 
mate ketogenic  balance  of  these  patients  nearly  all  of  whom  ex- 
creted only  small  amounts  of  acetone  and  were  therefore  examples 
of  border-line  ketosis.  The  data  are  rather  incomplete  and  the 
tables  of  calculations  need  not  be  recorded,  but  the  keto  ratios 
obtained  are  certainly  not  very  erroneous.     The  figures  show  that 
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on  the  days  when  the  subjects  excreted  distinctly  abnormal 
amounts  of  acetone  (more  than  0.1  gm.)  the  amounts  of  protein, 
fat,  and  carbohydrate  metabolized  were  such  as  corresponded  to 
ratios  of  ketogenic :  glucose  mols  between  1:1  and  2:1,  and  in 
general  the  higher  the  ratio  the  more  acetone  was  excreted.  With 
the  ratios  of  0.6  to  1.3  and  even  1.6,  the  acetone  +  acetoacetic 
excretion  was  0.03  to  0.10  gm.  acetone,  practically  normal  values, 
while  with  ratios  from  1.1  to  2.1  up  to  0.70  gm.  acetone  was 
excreted. 

Evidently  the  range  between  ratios  of  1:1  and  2:1  is  vari- 
able in  that  either  very  small  or  moderate  amounts  of  total 
-acetone  may  result. 

Practical  Significance  of  the  Ketogenic  Balance. 

The  practical  interest  and  significance  or  the  ketogenic  balance 
is  that  it  allows  the  rational  formulation  of  diets  low  in  carbohy- 
drate and  thus  designed  to  spare  the  carbohydrate  tolerance  of 
diabetics  from  overstrain,  and  at  the  same  time  indicates  the 
minimum  amount  of  total  glucose  equivalent  necessary  to  avoid 
the  dangers  of  ketosis.  This  is  the  main  dietetic  problem  in  dia- 
betes. Apart  from  the  very  considerable  difficulties  of  choosing 
suitable  food  material,  the  digestive  and  other  consequences  of  a 
restricted  diet,  the  only  unusual  nutritional  limitation  imposed  by 
the  disease  is  that  the  subject  must  maintain  the  inflow  of  all 
glucose-forming  foods  below  the  rate  at  which  he  can  burn  it,  to 
avoid  further  loss  of  tolerance,  and  above  the  rate  necessary  to  pro- 
vide sufficient  ketolytic  material  to  avoid  ketosis.  The  width  of  the 
margin  between  these  extremes,  very  great  in  normal  subjects 
and  narrower  in  diabetics,  represents  the  factor  of  safety 
possessed  by  the  individual.  The  practical  question,  therefore, 
is  to  determine  for  every  diabetic  the  minimum  amount  of 
carbohydrate  needed  by  him  for  a  safe  margin  over  a  bare  keto- 
genic balance.  So  long  as  this  safe  margin  is  maintained,  there 
is  no  reason  to  expect  ketosis,  and  the  disease  would  amount  to 
little  if  anything  besides  dietary  inconvenience.  The  calcula- 
tion of  a  diet  to  meet  this  need  may  be  gone  about  in  several  ways. 
Woodyatt  (4),  Hubbard  and  Wright  (5),  and  Wilder  (8)  have 
already  developed  valuable  formulas  for  this  purpose,  based  upon 
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the  conception  of  the  ketogenic-antiketogenic  balance.  Th 
matter  is  of  such  importance  as  perhaps  to  be  worthy  of  f urthc 
consideration  in  the  light  of  the  data  presented  in  this  paper;  w 
shall  first  restate  the  argument  as  developed  in  our  study  of  th 
subject. 

If  our  general  idea  as  to  the  character  of  antiketogenesis  i 
correct,  it  means  that  the  development  of  ketosis  in  any  subjec 
is  wholly  determined  by  the  relative  number  of  molecules  of  ketc 
genie  versus  ketolytic  substance  in  the  mixture  being  metabolizet 
This  mixture  is  made  up  of  a  variety  of  substances  formed  froi 
the  three  foodstuffs,  protein,  carbohydrate,  and  fat.  Th 
composition  of  the  mixture  and  the  resultant  of  its  "ketogeni 
balance"  therefore  depend  upon  those  factors  which  determine  ho1 
much  of  each  flows  into  the  metabolic  stream.  Some  of  thes 
factors  are  fairly  well  known  and  can  be  predicted,  while  the  effec 
of  others  can  be  determined  in  individual  cases. 

Chief  among  these  factors  are  the  diet,  the  weight  or  body  sui 
face  of  the  subject,  his  nutritional  state,  and  the  degree  of  muscula 
activity.  The  following  general  statements  as  to  the  effect  c 
these  factors  are  based  upon  well  known  principles  of  nutritior 
and  may  perhaps  be  regarded  as  almost  axiomatic.  The  diet  ha 
only  these  (immediate)  effects: 

1.  Food  protein,  above  a  certain  minimum,  is  approximately  th 
amount  metabolized  (nitrogen  equilibrium),  provided  the  tots 
energy  value  of  the  diet  and  the  amount  of  accompanying  cai 
bohydrate  is  not  too  low.  Within  certain  limits  therefore  th 
amount  of  food  protein  determines  the  amount  of  protein  metabc 
lized,  and  its  contribution  of  ketogenic  and  ketolytic  material 
The  two  compensatory  quota  may,  however,  not  be  catabolize* 
simultaneously,  and  if  not,  the  protective  value  of  the  derive* 
glucose  may  be  in  part  lost.  Another  important  effect  of  larg 
protein  ingestion  is  its  marked  stimulation  of  total  metabolise 
("specific  dynamic  action").  Because  of  its  considerable  ketc 
genie  influence  and  its  stimulating  effect,  the  lowest  possible  pre 
tein  metabolism  appears  to  be  indicated  when  ketosis  is  feared 
but  on  low  protein  and  low  carbohydrate  diets  body  protein  i 
apt  to  be  drawn  upon,  and  the  total  may  even  be  increased.  Th 
optimum  protein  intake  is  doubtless  the  lowest  which  will  maintai: 
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approximate  nitrogen  equilibrium;3  the  urinary  total  nitrogen  is 
the  only  indication  of  the  amount  catabolized,  and  must  be  known 
for  the  analysis  of  a  ketogenic  balance. 

2.  Food  carbohydrate,  temporarily  stored  as  glycogen,  is 
oxidized  in  preference  to  fat  within  the  carbohydrate  tolerance  of 
the  subject,  beyond  which  it  is  excreted  as  glucose.  If  taken  in 
larger  amounts  than  required  at  the  time,  some  may  also  be  con- 
verted into  fat  and  stored.  Its  effect  in  increasing  the  rate  of 
metabolism  is  small. 

3.  The  amount  of  food  fat  has  only  little  influence  upon  the 
amount  of  fat  burned,  which  is  chiefly  determined  by  the  require- 
ment for  energy  to  warm  the  body  and  to  do  its  muscular  work. 
If  an  abundance  of  available  carbohydrate  (or  protein  fragments) 
meets  the  greater  part  of  the  demand  for  energy,  little  fat  is  burned 
regardless  of  whether  or  not  it  is  eaten;  while  on  the  other  hand  in 
fasting  or  on  low  carbohydrate  diets  fat  is  the  chief  fuel  even 
though  none  is  eaten. 

The  second  of  the  main  factors  which  influence  the  metabolic 
mixture  is  that  set  of  influences  which  determine  the  rate  of  basal 
metabolism.  In  the  same  category,  but  quite  distinct,  is  the  effect 
of  muscular  activity.  These  factors  are  decisive  in  controlling 
the  amount  of  energy  exchange  and  consequently  the  total  amounts 
of  food  materials  which  are  burned.  On  this  point  the  diet  has 
(directly)  only  a  very  minor  influence.  The  individual  who  by 
hard  work  expends  a  total  of  3,000  or  4,000  calories  a  day,  obtains 
that  energy  from  the  oxidation  of  fat,  carbohydrate,  and  protein, 
even  though  he  eats  no  food  during  that  time.  The  same  indi- 
vidual at  rest  in  bed  would  spend  only  half  that  energy,  and  would 
burn  half  as  much  foodstuffs.  If  we  suppose  this  subject  to  be 
fasting,  or  that  the  same  (small)  amount  of  carbohydrate  is  avail- 
able on  both  days — or  that  he  is  a  diabetic  with  a  fairly  low  toler- 
ance— his  metabolic  mixture  and  his  ketogenic  balance  would  be 
quite  different  on  the  2  days.  At  rest  the  ketolytic  fractions 
might  be  enough  to  prevent  ketosis,  but  not  enough  to  dispose  of 
double  the  amount  of  keto-acid  derived  from  the  additional  fat 
burned  to  do  work. 

*  See  the  recent  paper  by  Marsh,  Newburgh,  and  Holly  (Marsh,  P.  L., 
Newburgh,  L.  H.,  and  Holly,  L.  E.,  Arch.  Int.  Med.,  1922,  xxix,  97)  which  in- 
dicates that  from  0.75  to  1  gm.  protein  per  kilo  is  usually  sufficient. 
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Prom  the  point  of  view  which  grows  out  of  the  above  considera- 
tions, the  problem  of  calculating  the  optimum  diet  in  diabetes 
appears  to  focus  upon  the  following  question.  How  much 
additional  ketolytic  substance,  in  terms  of  glucose  of  food  carbohy- 
drate must  be  allowed  the  subject  (of  known  size,  activity,  and 
consequently  energy  requirements)  in  order  to  provide  a  safe  mar- 
gin over  a  bare  ketogenic  balance  in  his  metabolic  mixture?  If  he 
has  sufficient  " tolerance"  to  burn  (utilize)  such  an  amount,  and 
receives  it,  ketosis  will  not  appear,  but  if  his  tolerance  is  already 
lower,  ketosis  is  unavoidable  until  the  amount  of  the  metabolic 
mixture  (the  total  metabolism)  is  decreased  to  the  point  where  a 
ketogenic  balance  is  attained. 

The  equation  which  must  be  solved  to  answer  the  above  ques- 
tion has  four  main  terms,  the  amounts  of  protein,  of  carbohydrate, 
of  fat,  and  total  calories  of  metabolism.  The  first  two  within 
certain  limits  may  be  fixed  by  diet,  while  the  last  is  almost  wholly 
determined  by  the  size  and  activity  of  the  individual.  And 
when  the  diet  is  fixed,  the  amount  of  fat  burned  depends  upon 
the  total  metabolism. 

Protein  and  fat  each  have  both  ketogenic  and  antiketogenic 
quotas,  while  carbohydrate  has  only  the  latter  influence.  Accept- 
ing for  the  present  the  quantitative  estimates  for  these  several  fac- 
tors found  to  yield  fair  agreement  in  the  analyses  of  cases  presented 
above,  the  net  effect  of  each  may  be  stated  as  follows: 

Protein,  1  gm.  N  =  (20  glucose  equivalents  X  2)  —  15  ketogenic  =  25  milli- 

mols  excess  antiketogenic  equivalents. 
Fat,  1  gm.  =  3.43  ketogenic  —  (0.57  glucose  equivalents  X  2)  =  2.29 mil li- 

mols  excess  ketogenic  equivalents. 

and  1  cal.  from  fat  =  X   2.29  =  0.242  millimols  excess  ketogenic 

9.4C 

equivalents. 

Carbohydrate,  1  gm.  glucose  =  5.56  X  2  =  11.1  millimols  antiketogenic 

equivalents  and  1  cal.  from  glucose  =  --£-  =  2.96  millimols  an  tike  to- 

3.76 

genie  equivalents. 

According  to  the  above  values,  the  excess  antiketogenic  equivalents  of 

protein  corresponding  to 

25 
1  gm.  of  urinary  nitrogen  would  "neutralize"  =  103  cal.  from  fat. 

2.96 
And  I  cal.  from  glucose  would  "neutralize"  „  '   ^  =  12.2  cal.  from  fat. 

&  0.242 
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And, 

t Total  calories"!  __  ["Calories  from!  __  ["Calories  of  fat  ' 'neutralized* '  by"| 
of  metabolismj      L      protein      J      Lexcess  antiketogenic  from  protein  J  " 

Calories  of  metabolism  not ' 'neutralized"  bv" 
antiketogenic  of  protein  and  fat,  and  which 
must  be  supplied  from  fat  and  glucose  in 
ratio  of  not  more  than  12.2  fat  cal.  to  1  glu- 
cose cal.;  or  glucose  calories  must  beat  least 

0  «  0.076  of  the  total  unneutralized 

1Z.4  ~t~  1 

calories. 

On  substituting  values  for  the  above  expressions,  the  equation  becomes 
[Total  cal.  -(NX  26.5)  -  (N  X  103)]  X  0.076 


3.76  cal. 

necessary  to  provide  theoretical  ketogenic  balance. 
Simplified  and  the  values  rounded  off, 

Total  cal.  -(NX  130) 


=  gm.  glucose 


50 


=  Minimum  extra  glucose  (gm.). 


According  to  this  expression  whenever  the  urine  nitrogen  multiplied  by 
130  equals  or  exceeds  the  total  calories  of  metabolism,  no  carbohydrate  is 
needed  to  provide  a  theoretical  balance.  Such  conditions  may  be  thus 
illustrated. 

With    5  gm.  urine  N,  the  total  metabolism  might  be     050  calories. 

tt         1f\       it  it  it  it  it  li  tt  tt      1    OfVTi  H 

"     15    "  "      "      "      "  "  "       "   1,950       " 

a     on    <<  <*       <<       «       «<  <<  <«        **   o  fOO       " 

it  3Q         it  it  it  it  it  it  it  tt       ^CJQQ  it 

These  figures  perhaps  indicate  the  way  in  which  the  Eskimo 
may  avoid  ketosis  without  carbohydrate  food. 

But  this  calculation  assumes  an  even  metabolism  and  the  maxi- 
mum utilization  of  all  ketolytic  substance,  which  is  doubtless 
rare.  The  results  cited  above  from  subjects  on  high  protein  diets, 
or  near  the  border-line  of  ketosis  indicate  that  a  variable  but  con- 
siderable excess  of  food  carbohydrate  is  usually  necessary.  The 
amount  of  this  excess  may  vary  with  the  subject,  with  the  fre- 
quency of  its  ingestion,  with  the  "peaks"  of  muscular  activity  and 
metabolism,  or  with  other  unknown  factors;  but  it  appears  that 
double  the  quantity  is  usually  sufficient. 

A  slightly  different  equation  developed  from  a  previous  analysis 
(10)  is  perhaps  preferable  to  the  one  stated  above  because  some- 
what simpler,  easier  to  remember  and  to  calculate.     Since  both 
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equations  give  the  theoretical  minimum  of  food  carbohydrate,  and 
a  variable  margin  over  this  minimum  is  almost  always  necessary, 
the  simpler  formula  is  doubtless  sufficiently  accurate.  This 
formula  is 

Total  calories  of 

metabolism     -  (Urine  N  X  100)        w.   .  _      ,       ,    ,     , 
— =  Minimum  food  carbohydrate  (gm.). 

It  is  suggested  that  this  equation  be  used  as  follows.  Estimate 
from  the  size,  weight,  and  activity  of  the  subject  his  approxi- 
mate metabolism  for  24  hours.  If  necessary  determine  the  urine 
nitrogen  on  the  amount  of  food  protein  decided  upon;  or  tenta- 
tively assume  nitrogen  equilibrium  on  0.75  to  1.0  gm.  food  protein 
per  kilo,  and  confirm  it  later  after  diet  is  established.  Include  in 
the  diet  the  calculated  minimum  amount  of  starch,  or  preferably 
double  this  quantity  (or  more  if  the  diabetes  is  not  severe). 
Supply  the  rest  of  the  calories  needed  in  the  form  of  fat. 
On  theoretical  grounds  the  food  should  be  evenly  distributed 
throughout  the  day  in  frequent  small  meals. 

If  on  such  an  "optimum"  diet  thus  determined  the  subject 
shows  glycosuria  and  ketosis,  it  obviously  means  that  the  carbo- 
hydrate tolerance  is  lower  than  necessary  for  the  amount  of  the 
materials  metabolized,  and  the  only  recourse  is  to  decrease  the 
total  metabolism.  And  this  can  be  accomplished  only  by  mus- 
cular rest  or  by  undernutrition  or  both. 

The  undoubted  benefit  of  fasting,  advocated  by  Allen,  probably 
has  its  explanation  in  this  lowering  of  the  total  metabolism,  as 
pointed  out  by  Allen  and  Du  Bois  (23).  The  more  recent  use  of 
low  protein  and  (moderate)  fat  diets  of  Newburgh  and  Marsh  (19) 
also  appears  to  be  theoretically  sound;  and  the  still  more  recent 
proposal  by  Wilder  (8)  of  diets  about  25  per  cent  below  the  require- 
ment, and  the  points  of  view  of  the  latter  and  of  Woodyatt  (4)  are 
in  harmony  with  our  conclusions.  The  emphasis  which  both  have 
placed  upon  the  materials  metabolized,  rather  than  on  the  diets 
fed,  is  wholly  in  accord  with  the  conception  underlying  our  work 
and  is  the  basis  on  which  further  progress  in  the  dietaiy  treat- 
ment of  diabetes  may  be  expected. 
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THE  ESTIMATION  OF  FORMIC  ACID  IN  THE  URINE. 
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(Received  for  publication,  August  23,  1922.) 

During  the  course  of  some  clinical  and  experimental  studies  of 
**-c?ute  methyl  alcohol  poisoning  (1)  the  necessity  arose  for  making 
a  considerable  number  of  quantitative  estimations  of  the  excre- 
tl  on  of  formic  acid  in  the  urine.  The  method  at  first  employed 
w^-s  that  of  Dakin,  Janney,  and  Wakeman  (2),  which  is  satisfac- 
tory but  very  time-consuming.  It  was  found  desirable  to  devise 
a  simpler  and  quicker  procedure,  which  would  obviate  if  possible 
the  necessity  for  extraction  with  ether  and  shorten  the  time 
re<3uired  for  the  other  manipulations.  The  following  method  has 
f>roved  to  be  satisfactory  in  our  hands  and  yields  better  results 
***a.n  are  obtained  by  the  ether  extraction  method. 

Methods. 

lOO  cc.  of  urine  are  accurately  measured  into  a  liter  volumetric 

^slc  containing  500  to  600  cc.  of  water.     100  cc.  of  20  per  cent 

^  ^S04  are  added  and  the  whole  is  well  mixed.     A  10  per  cent  sus- 

j^ension  of  Ca(OH)2  is  then  added  until  alkalinity,  as  evidenced 

^      the  characteristic  color  change  from  green  to  blue,  occurs. 

**    is  well  to  avoid  an  excess  of  calcium  hydroxide.     The  contents 

ar**^    "then  made  up  to  volume  and  mixed.     After  standing  15  to  30 

r^^Xites  they  are  filtered  and  a  600  cc.  aliquot  is  placed  in  a  800  cc. 

J^ldahl  flask,  with  2  to  3  drops  of  phenol phthalein  as  an  indi- 

►t,  and  made  distinctly  acid  with  85  per  cent  phosphoric  acid.1 

cient  excess  should  be  added  to  free  all  of  the  formic  acid 

^^^^ent  (1  to  2  cc.  are  ample  for  this  purpose).     Glass  beads  are 

-        ^Tartaric  acid  may  be  used  instead  of  phosphoric,  but  we  have  not  found 
^t,  it  has  any  particular  advantage.    Strong  mineral  acids  cannot  be  used. 
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added  to  prevent  bumping.     This  flask  is  connected  to  a  supplw^1 

of  steam  and  to  a  water  condenser  by  means  of  a  Kjeldahl  trap 

Both  the  neck  of  the  flask  and  the  outside  of  the  trap  are  welH 
wrapped  with  asbestos  cord  to  prevent  loss  of  heat.1    The  distil — 
late  is  caught  in  a  casserole  provided  with  15  to  20  cc.  of  0 . 1  ?«~ 
NaOH,  and  a  few  drops  of  phenolphthalein  are  added  to  m&k» 
sure  that  it  is  alkaline.     This  alkalinity  must  be  maintained, 
throughout  the  distillation  by  the  addition  of  further  0. 1  x  NaOHT 
,    as  may  be  necessary,  but  a  great  excess  must  be  avoided.     It  is 
neither  necessary  nor  advisable  to  cause  the  delivery  tube  from 
the  condenser  to  drop  under  the  liquid  in  the  casserole.     The 
distillation  must  be  so  managed  that  at  first  a  slow  stream  of 
steam  is  conducted  in,  while  the  contents  of  the  distilling  flask 
are  rapidly  driven  over  by  brisk  heating  and  reduced  in  volume 
to  50  to  75  cc.     At  this  amount  they  must  remain  until  2  liters 
are  collected.3 

The  distillate  is  then  evaporated  to  dryness  over  night  on  the 
water  bath,  and  the  residue  taken  up  in  exactly  100  cc.  of  distilled 
water  and  filtered.  A  90  cc.  aliquot  is  placed  in  a  250  cc.  Erlen- 
meyer  flask  and  made  just  acid  with  0.1  n  HCl.  10  cc.  of  the 
special  HgCl2  mixture4  are  then  added  and  the  flask  is  fitted  with 
an  air  condenser  and  heated  in  a  boiling  water  bath  for  1  hour. 
After  cooling  the  mercurous  chloride  is  filtered  into  a  weighed 
Gooch  crucible,  washed  with  100  cc.  of  5  per  cent  cold  HCl,  then 
water,  alcohol,  and  ether,  and  dried  1  hour  at  105°  and  weighed. 
The  blank  of  the  reagents  in  our  experiments  has  varied  from 

2  Such  a  device  is  essential,  as  otherwise  phosphoric  acid  is  mechanically 
carried  over  during  the  rapid  distillation  and  causes  much  trouble.  It  is 
convenient  to  do  the  steam  distillations  on  a  Kjeldahl  rack. 

8  This  reduction  in  volume  is  necessary  because  the  amount  of  formic 
acid  carried  over  by  steam  distillation  varies  enormously  with  the  volume 
of  the  distilling  fluid.  On  the  other  hand,  if  the  volume  is  allowed  to 
become  too  low,  especially  if  it  boils  dry,  large  errors  result  from  the  break- 
ing down  of  other  organic  substances  present  into  formic  acid.  2  liters  of 
distillate  arc  sufficient  to  collect  if  these  precautions  are  observed.  It 
should  be  collected  in  about  2  hours. 

4  This  solution  contains  200  gm.  of  HgCl2,  80  gm.  of  NaCl,  and  300  gm. 
of  Na  acetate  to  1  liter  of  water  (3).  10  cc.  of  this  solution  are  sufficient 
for  amounts  of  formic  acid  up  to  0.13  gm.,  that  is  a  concentration  sixteen 
times  the  upper  limit  in  normal  urine.  For  urines  containing  larger 
amounts,  larger  amounts  of  this  mercuric  chloride  mixture  must  be  used. 


k 


E.  M.  Benedict  and  G.  A.  Harrop  445 

0.OO14   to   0.0044   gm.   according  to   the   reagent  used.     The 
amount  of  formic  acid  per  liter  in  the  original  urine  is  then  1 .  01 

X  -^-  X  -Q-  X  0.0975  X  (weight  of  precipitate— weight  of  blank 
of      reagents).5 

DISCUSSION. 

As  has  been  frequently  pointed  out,  the  isolation  of  volatile 
fatty  acids  by  steam  distillation  direct  from  acidified  urines  often 
entails  serious  errors,  because  the  prolonged  action  of  mineral 
acrid    upon  carbohydrates  and  other  substances  present,  results 
m  fatty  acid,  especially  formic  acid  formation.*    The  precipita- 
tion -with  copper  hydroxide,  a  device  introduced  by  Van  Slyke  in 
nis  well  known  acetone  body  methods  (4),  disposes  of  this  difficulty 
by*    removing  the  sugar  and  other  interfering  substances.     The 
steaj^a  distillation  should  be  commenced  at  once  on  the  filtrate 
arx<i  its  reduction  in  volume  effected  in  the  process.     It  is  a  waste 
°*    ^irne  first  to  try  to  concentrate  the  alkaline  aliquot  and  it  may 
ca\i^^  considerable  error  because  of  the  destruction  of  organic 
^pXcis  which  takes  place  when  they  are  heated  in  alkaline  solution. 
~*  ^^ther,  it  has  been  found  that  when  formaldehyde  is  present 
^a^    is  the  case  in  urines  obtained  during  acute  methyl  alcohol 
Poisoning),  about  10  per  cent  will  be  oxidized  to  formic  acid  in 
t*1^    process  of  evaporating  in  alkaline  solution. 
.    1>ie  addition  of  NaCl  and  of  Na(CH2COO)  to  the  HgCl2  solu- 
°**   hastens  very  greatly  the  precipitation  of  HgCl  and  also  pre- 
■s  the  precipitation  of  impurities.    As  seen  in  the  curve  (Fig.  1), 
_    jr  cent  is  precipitated  after  1  hour  heating,  at  the  end  of  which 
^*^   x-eaction  is  stopped  and  1  per  cent  added  to  the  final  figure  of 
^^^  Result.    We  have  spent  a  great  deal  of  time  in  efforts  to  develop 
^^^thod  for  titrating  the  mercury,  but  we  believe  the  gravimetric 
^^^^rnation  is  more  reliable  and  satisfactory. 

X  gm.  of  HgCl  equals  0.0975  gm.  of  formic  acid. 

X  t  may  be  pointed  out  that  this  error  obtains  in  the  Ryffel  method  for 

l:**iating  lactic  acid,  (i.e.,  steam  distillation  from  urine  to  which  equal 

*^    r"fc^  of  concentrated  H1SO4  have  been  added),  when  determinations  are 

^^^  upon  urines  containing  carbohydrates.    Treatment  with  Cu(OH)t 

"*    obviate  this  error  in  such  lactic  acid  determinations. 
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Determinations  of  the  formic  acid  content  of  urines  should  be 
commenced  as  soon  as  possible  after  collection.  We  have  found 
it  quite  impossible  even  when  kept  on  ice  or  when  preservatives 
are  used,  to  get  concordant  results  when  specimens  stand  over  24 
hours. 

Tables  I  and  II  indicate  how  completely  known  formic  acid  can 
be  recovered  from  pure  aqueous  solutions  and  from  urine  by  this 
method. 
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Fiu.  1.  Curve  showing  the  rate  of  formation  of  mercurous  chloride 
precipitate. 

The  Occurrence  of  Formic  Acid  in  Human  Urine. 

A  number  of  analyses  of  the  formic  acid  content  of  normal 
urine  from  individuals  on  mixed  diet  are  given  in  the  literature. 
The  amount  is  small  and  is  given  by  Dakin,  Janney,  and  Wake- 
man,  as  varying  from  29.9  to  118.6  mg.  per  24  hours.  Our 
results  are  in  agreement  with  these  figures. 

A  number  of  analyses  on  urines  from  patients  which  showr  a 
high  organic  acid  content  are  given  in  Table  III.  It  is  known 
that  an  increase  in  the  consumption  of  carbohydrates  causes  an 
increased  formic  acid  excretion,  a  condition  which  would  also 
presumably  result  from  administration  of  glucose  intravenously 


TABLE  1. 

Recovery  of  Formic  Acid  from  Aqueous  Solutions. 


Date. 

Amount  of 
formic  acid  added. 

Amount  of 
formic  acid  found. 

Error. 

gm. 

gm. 

gm. 

per  oen% 

Jli  I J    7,  1920 

0.2404 

0.2364 

0.0040 

l.a 

0.2404 

0.2401 

0.0003 

0 

0.2404 

0.2442 

0.0038 

1.5 

June  10,  1920 

0.1202 

0.1198 

0.0004 

0 

0.1202 

0.1215 

0.0011 

0.9 

• 

0.1202 

0.1216 

0.0012 

1.0 

"       14,  1920 

0.6010 

0.5821 

0.0189 

3.0 

0.6010 

0.6035 

0.0019 

0.3 

0.6010 

0.5835 

0.0175 

2.9 

15,  1920 

0.0060 

0.0064 

0.0004 

0.0060 

0.0064 

0.0004 

0.0060 

0.0070 

0.0010 

21,  1920 

0.6010 

0.5904 

0.0106 

1.8 

AXo.y      g^  1922 

0.6010 

0.5948 

0.0062 

1.3 

0.1208 

0.1218 

0.0010 

0.8 

0.1208 

0.1203 

0.0005 

0.4 

TABLE  II. 
Recovery  of  Formic  Acid  Added  to  Urine. 


^■^^^r* 

Subject. 

Amount 
in  urine. 

Amount 
added. 

Amount 
recov- 
ered. 

Error. 

gm.  per 
100  cc. 

gm. 

gm. 

gm. 

per 
cent 

>T*e   ^2>    1920 

A 

0.0053 
0.0060 

Nephritic    with    albu- 

0.0240 

0.0236 

0.0004 

1.9 

minuria. 

0.0240 

0.0229 

0.0011 

4.8 

0.6010 

0.6043 

0.0033 

0.5 

0.6010 

0.6127 

0.0117 

1.9 

0.6010 

0.5896 

0.0114 

1.9 

Oct.   ^^  1920 

B 

0.0073 

Diabetic,  1.0  per  cent 

0.0240 

0.0248 

0.0008 

3.0 

sugar.    Acetone    and 

0.6010 

0.5992 

0.0018 

0.3 

Diacetic  H — | — | — |- 

*W     5,  1922 

C 

0.0038 
0.0040 

Diabetic,  3.0  per  cent 

0.1208 

0.1167 

0.0041 

3.4 

sugar.    Acetone    and 

0.1208 

0.1170 

0.0038 

3.1 

Diacetic  -f + -f -f 

>P*.  19,  1922 

D 

0.0019 
0.0026 

Normal  individual. 

0.1208 

0.1167  0.0041 

3.4 
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or  by  other  routes.  The  data,  however,  indicate  that  an  increased 
excretion  of  formic  acid  does  not  commonly  occur  in  the  acidosis 
of  diabetes.  An  opportunity  to  study  the  excretion  in  the  acidosis 
of  starvation  was  afforded  by  the  analysis  of  urines  from  epileptic 
patients  under  treatment.  The  data  indicate  that  formic  acid 
excretion  plays  no  part  in  the  production  of  the  high  organic  acid 
excretion  usually  found  in  these  fasting  patients. 

TABLE  IV. 

Excretion  of  Formic  Acid  in  Experimental  Methyl  Alcohol  Poisoning. 

Dog  K.    Weight  7.2  kilos.    Male. 


Dato. 


19S0 

May  3 
"  4 
"      5 


it 
u 
u 
u 
u 

a 
n 
it 
tt 
a 
a 
n 


6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 


Urine. 

0.1  N  or- 
ganio  acid. 

0.1  n  formic 
acid. 

cc. 

cc. 

cc. 

240 

271 

23 

600 

24 

290 

250 

15 

650 

468 

170 

275 

1,234 

532 

195 

1,249 

514 

175 

1,929 

702 

200 

1,625 

516 

395 

1,292 

671 

405 

871 

266 

104 

807 

245 

380 

541 

188 

300 

511 

51 

410 

19 

310 

299 

Remarks. 


Given  8  gm.  CH»OH  per  kilo 
by  stomach  tube. 


The  one  pathological  condition  in  which  formic  acid  excretion 
has  been  found  to  play  a  predominant  rdle  is  in  the  acidosis  of 
methyl  alcohol  poisoning.  In  Table  IV  is  given  the  formic  acid 
excretion  in  one  experiment  following  ingestion  of  methyl  alcohol 
by  mouth. 

SUMMARY. 

An  improved  and  simplified  method  for  the  estimation  of 
formic  acid  in  urine  is  described. 

No  increase  in  the  excretion  of  formic  acid  has  been  found  during 
the  acidosis  due  to  diabetes,  and  in  that  due  to  starvation.    The 
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formic  acid  excretion  and  its  relation  to  the  total  organic  acid 
excretion  are  presented  from  an  experiment  in  the  production  of 
acute  methyl  alcohol  poisoning. 
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COMPARATIVE  TOXICITY  OF  AMMONIUM  SALTS. 

By  FRANK  P.  UNDERHILL  and  ROBERT  KAPSINOW. 

iF'ar*>'n'*>   the  Department  of  Pharmacology  and  Toxicology,  Yale  University, 

New  Haven.) 

(Received  for  publication,  August  4, 1922.) 

view  of  the  important  r61c  played  by  ammonia  and  am- 
mox:fci\im  salts  in  the  metabolism  of  living  tissue,  this  investigation 
was  Tandertaken  to  determine  the  comparative  toxicity  of  the  more 
carr*xxion  ammonium  salts,  both  organic  and  inorganic. 

*^  achford  and  Crane1  attempted  to  study  the  relative  toxicity 
ot  _  ^Orimonium  compounds  and  their  action  in  acid  intoxication  in 
mx°^.  They  found,  employing  5  per  cent  solutions,  that  the 
^^^ioity  of  the  different  salts  apparently  had  little  or  no  relation 
*°    "the  ammonia  content  of  the  salt  (see  Table  I). 

It,  appears  from  Tables  I  and  II  that  the  toxicity  of  ammonium 
sa^"ts  depends  rather  upon  the  amount  of  salt  present  than  upon 
tao  JsJH3  content.  This  lack  of  uniformity  has  been  the  incentive 
*°    **opeat  this  work. 

Method. 

le  animals  used  were  adult  white  rats  of  average  weights. .  All 
the  salts  used  were  made  to  approximate  5  per  cent  solution.  The 
m^rogen  in  the  form  of  NH3  was  determined  in  three  5  per  cent 
solutions  by  an  abbreviated  Folin-Farmer  microchemical  method2 
r  "total  nitrogen.  5  cc.  of  the  ammonia  solution  were  matche'd 
a^a-ixist  5  cc.  of  standard  ammonium  sulfate  containing  1  mg.  of 
n.  ^^gen  after  being  nesslerized  as  nearly  as  possible  at  the  same 
tu*x^,  in  this  way  it  was  possible  to  determine  accurately  the 
erilf:>\int  of  nitrogen  in  the  form  of  NH3  present  in  1  cc.  and  to  rule 
ox*t  "the  weight  of  the  water  of  crystallization. 

1  Xlachford,  B.  K.,  and  Crane,  W.  H.,  Med.  News,  1902,  lxxxi,  778. 
*  ^olin,  0.,  and  Farmer,  C.  J.,  J.  Biol.  Chem.,  1912,  xi,  493. 
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Six  animals  were  used  for  each  series,  the  amount  of  solution 
injected  ranged  from  0.5  to  3.0  cc.  per  100  pn.  of  body  weight. 
The  minimum  lethal  dose  taken  was  that  amount  which  caused 
death  within  3  hours. 


TABLE  I. 

(Rachford  and  Crane.) 
Arranged  to  Emphasize  Fatal  Dosage. 


Salt. 


Ammonium  oxalate 

"  carbonate 

"      .    chromate 

"  chloride 

"  nitrate 

"  citrate , 

41  sulfate 

u  tartrate 

"  hydrogen  phosphate 

"  acetate 

"  sarcolactate 

"  lactate 


Toxicity  of 

5  per  cent 

solution. 


cc. 

0.04 
0.12 
0.12 
0.19 
0.19 
0.19 
0  22 
0.28 
0.28 
0.49 
0.62 
0.74 


Amount 
in  fatal  dose. 


gm. 

0.002 
0.006 
0.006 
0.009 
0.009 
0.009 
0.011 
0.013 
0.013 
0.026 
0.032 
0.039 


Amount 
of  NHa  in 
fatal  dose. 


gm. 

0.00058 

0.00225 

0.00142 

0.00306 

0.00202 

0.00225 

0.003 

0.0025 

0.0035 

0.00608 

0.00504 

0.00655 


TABLE  II. 

(Rachford  and  Crane.) 
Arranged  to  Show  Relationship  of  NH*  Content  to  Fatal  Dose. 


Salt. 


Ammonium  lactate 

"  acetate 

"  sarcolactate 

"  hydrogen  phosphate. 

"  chloride 

"  sulfate 

"  tartrate 

"  citrate 

"  carbonate 

"  nitrate 

"  chromate 

"  oxalate 


Amount 
of  NHi  in 
fatal  dose. 

Fatal  dose. 

gm. 

cc. 

0.00655 

0.74 

0.00608 

0.49 

0.00504 

0.62 

0.0035 

0.28 

0.00306 

0.19 

0.003 

0.22 

0.0025 

0.28 

0.00225 

0.19 

0.00225 

0.12 

0.00202 

0.19 

0.00142 

0.12 

0.00058 

0.04 
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Observations. 

It  will  be  seen  from  Tables  Ilia,  III6,  IVo,  and  IV6  that  in 
general  the  toxicity  of  the  ammonium  salts  is  directly  proportional 
to  the  amount  of  NH3  present,  the  fatal  acting  time  remaining 
inversely  to  the  amount  of  NH3  present  to  the  number  of  cubic 
centimeters  injected. 

Table  Ilia. — The  minimum  lethal  dose  and  the  milligrams  of 
nitrogen  in  the  total  minimum  lethal  dose  depend  upon  the 
weight  of  the  animal.  It  is  readily  seen  that  the  milligrams  of 
nitrogen  per  1  cc.  tend  to  run  parallel  to  the  dose  per  100  gm.  in 
the  minimum  lethal  dose. 

Table  IHb. — This  table  is  arranged  to  show  the  relation  of  the 
milligrams  of  nitrogen  in  the  total  minimum  lethal  dose  to  the 
fatal  acting  time.  Here  one  can  see  that  the  fatal  acting  time  is 
decreased  the  greater  the  amount  of  NH3  present. 

TABLE  III6. 
The  Relation  of  Toxicity  to  NH%  Content. 


Rat 
aeries. 

Substance. 

N  per 
dosage. 

Amount. 

Time. 

Remarks. 

mg. 

cc. 

min. 

1 

NHJ 

3.0 

No  deaths  recorded 
with  maximum  dose. 

2 

NH4CrS04 

3.0 

No  deaths  recorded 
with  maximum  dose. 

3 

(NH4),Cr04 

0.02128 

2.0 

155 

4 

NH.Br 

0.022125 

2.5 

91 

5 

(H,)NH4P04 

0.02265 

3.0 

83 

6 

No.  1  NH.HCO, 

0.023075 

2.5 

42 

7 

(NH4),S04 

0.023575 

2.5 

60 

8 

(NH4),P04  neutral. 

0.024 

3.0 

49 

9 

NH4NO, 

0.024125 

2.5 

32 

10 

No.  2  NH4(H)CO, 

0.0245 

2.5 

68 

Duplicate. 

11 

(NH4),CO,  + 

carbamide. 

0.02637 

3.0 

24 

12 

NH4C1 

0.026575 

2.5 

17 

13 

H(NH4),P04 

0.029670 

3.0 

70 

Exceptions  to  the  above  rule  are  (NH4)H2P04,  (NH4)2HP04, 
and  (NH4)sP04;  (NH4)HC03  and  (NH4)2C03  plus  carbamide. 
Two  series  of  (NH4)HC03  were  carried  through  because  of  its 
rapid  deterioration.    It  was  found  that  although  there  was  a 
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delay  in  the  fatal  acting  time  or  in  other  words  a  decrease  in 
toxicity,  nevertheless  for  the  carbonate  group,  the  same  rule  held 
true  as  with  all  the  other  salts.  The  phosphates  tend  to  run  in 
the  same  way  although  not  so  perfectly.  The  importance  of  these 
two  types  of  substances  in  neutralizing  acid  bodies  of  intoxication 
demonstrates  the  relative  resistance  that  the  organism  has  to 
them. 

Table  IV a. — Here  the  ratio  of  NH8  content  to  dosage  and  its 
relation  to  the  fatal  acting  time  is  more  clearly  demonstrated. 
The  exceptions  in  this  group  are  ammonium  citrate  and  ammonium 
lactate,  but  when  taken  in  10  per  cent  solutions  it  is  seen  that 
ammonium  citrate  containing  more  NH8  requires  less  dosage  and 
is  more  actively  fatal  than  ammonium  lactate.  The  resistance  to 
ammonium  lactate  may  be  explained  perhaps  by  the  ability  of  the 
body  to  oxidize  lactic  acid. 


TABLE  IVb. 


The  Relation  o 

f  Toxicity  to  NHt 

Content. 

Rat 
series. 

Substance. 

N  per 
dosage. 

Amount. 

Time. 

Remarks. 

mg. 

ce. 

min. 

1 

Ammonium  valerianate. 

0.00251 

3.0 

No  deaths.    Max- 

imum dose  of  5 

per   cent    solu- 

tion. 

2 

n 

tartrate. 

0.00254 

3.0 

58 

3 

n 

benzoate. 

0.003032 

2.5 

134 

4 

a 

lactate. 

0.004564 

3.0 

No  deaths.  Max- 
imum dose  of  5 
per  cent  solu- 
tion. 

5 

u 

salicylate. 

0.00572 

2.5 

63 

6 

it 

citrate. 

0.00781 

3.0 

No  deaths.  Max- 
imum dose  of  5 
per  cent  solu- 
tion. 

it 

acetate. 

0.00796 

1.5 

96 

8 

it 

formate. 

0.01073 

2.0 

117 

9 

it 

lactate. 

0.0138 

3.0 

86 

10  per  cent  solu- 
tion. 

10 

it 

citrate. 

0.01634 

2.5 

38 

10  per  cent  solu- 
tion. 
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Io  comparing  the  action  of  NH3  in  the  organic  and  inorganic 
compounds  with  regard  to  a  possible  diminution  of  toxicity  in  the 
organic  compounds  to  that  of  the  inorganic  compounds,  it  would 
seem  that  the  organic  compounds  are  less  toxic,  probably  due  to 
the  greater  ease  with  which  they  can  be  converted  to  urea. 

SUMMARY. 

1.  The  toxicity  of  ammonium  salts  is  directly  proportional  to 
the  amount  of  NHS  present. 

2.  The  greater  the  ratio  of  NH3  to  the  salt,  the  smaller  is  the 
minimum  lethal  dose. 

3.  The  fatal  acting  time  is  inversely  proportional  to  the  amount 
of  NH3  present. 


THE  INFLUENCE  OF  WATER  INTRODUCTION  UPON 
BLOOD  CONCENTRATION  INDUCED  BY 
WATER  DEPRIVATION. 

By  FRANK  P.  UNDERHILL  and  ROBERT  KAPSINOW. 

(From  the  Department  of  Pharmacology  and  Toxicology,  Yale  University, 

New  Haven.) 

•  (Received  for  publication,  August  4, 1922.) 

That  changes  in  blood  concentration  are  of  considerable  sig- 
nificance in  various  normal  and  pathological  states  is  rapidly 
gaining  recognition.  Disturbances  in  water  balance  introduce 
factors,  hitherto  unrecognized,  which  profoundly  effect  the  circu- 
lation and  hence  indirectly  exert  a  striking  influence  upon  the 
processes  of  internal  respiration  leading  eventually  to  more  or  less 
marked  embarrassment  of  the  vital  activities  of  the  cell,  and  if 
continued  for  a  sufficient  period  death  inevitably  follows.1 

In  connection  with  another  problem  it  became  essential  to  know 
the  influence  of  water  deprivation  for  relatively  short  periods  upon 
alterations  of  blood  concentration  and  in  particular  the  immediate 
effect  of  the  introduction  of  large  volumes  of  fluid  upon  the  changed 
blood  concentration.  This  problem  is  the  subject  of  the  present 
communication. 

Methods. 

Female  dogs,  full  grown  and  in  good  nutritive  condition,  were 
kept  in  metabolism  cages  without  food  and  water  for  periods 

1  For  literature  on  changes  in  blood  concentration  consult:  Sellards, 
A.  W.,  The  principles  of  acidosis,  and  clinical  methods  for  its  study,  Cam- 
bridge, 1917;  Underhill,  F.  P.,  The  lethal  war  gases,  physiology  and  ex- 
perimental treatment,  New  Haven,  1920;  The  Harvey  Lectures f  1918-19, 
xiv,  234;  Underhill,  F.  P.,  and  Ringer,  M.,  J.  Am.  Med.  Assn.t  1920,  lxxv, 
1531; Marriott,  W.McIv.,  Am.  J.  Dis.  Child.,  1920,  xx,  401 ;  Underhill,  F.  P., 
and  Greenhouse,  B.,  /.  Vrol.%  1921,  vi,  83;  Rowntree,  L.  G.,  Physiol. 
Rev.,  1922,  ii,  116;  Underhill,  F.  P.,  and  Ringer,  M.,  J.  Pharmacol,  and 
Exp.  Therap.,  1922,  xix,  103,  179;  Underhill,  F.  P.,  and  Errico,  L., 
J.  Pharmacol,  and  Exp.  Therap.,  1922,  xix,  135. 
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varying  from  5  to  8  days.  During  this  interval  blood  concentra- 
tion changes  were  followed  three  times  daily  by  estimation  of 
hemoglobin  content  of  blood  (method  of  Cohen  and  Smith)  ob- 
tained by  puncture  of  an  ear  vein.  Previous  investigations  from 
this  laboratory  have  demonstrated  that  such  estimations  furnish 
a  reliable  guide  for  this  purpose.  Urine  volume  was  determined 
daily  by  catheterization.  When  blood  concentration  had  seemingly 
reached  a  maximum  water  was  offered  to  the  animals  and  they 
were  allowed  to  drink  until  satisfied.  Hemoglobin  estimations 
were  then  made  at  short  intervals.  During  the  course  of  the 
water  deprivation  the  animals  were  quiet  and  apathetic  and  lost 
weight  very  rapidly.  After  water  and  food  were  resumed  th^ 
dogs  quickly  regained  their  weight  and  normal  condition. 

The  Influence  of  Short  Intervals  of  Water  Deprivation  upon  Changes 

in  Blood  Concentration. 

During  the  progress  of  this  investigation  Keith2  reported  marked 
changes  in  blood  volume  in  dogs  deprived  of  water  for  periods 
varying  from  2  to  4  weeks.  Hemoglobin  was  usually  but  not 
invariably  increased.  Blood  pressure  was  also  at  times  markedly 
lowered.  Administration  of  food  and  water  resulted  in  a  rapid 
increase  in  the  amount  of  circulating  plasma,  a  fall  in  hemoglobin 
and  a  decrease  in  the  viscosity  of  the  whole  blood,  plasma,  and 
serum.  The  demonstration  of  a  decrease  in  the  volume  of  the 
circulating  blood  offers  an  explanation  for  similar  clinical  conditions 
such  as  chronic  shock-like  states  and  atrophic  infants.  It  also 
affords  an  experimental  method  for  the  study  of  rational  therapy 
in  such  cases  (Keith). 

The  results  of  the  present  investigation  are  presented  graphi- 
cally in  Charts  1  to  4  inclusive.  Hemoglobin  estimations  are 
given  in  percentages  of  the  normal  hemoglobin  values.  From 
these  graphs  it  is  quite  apparent  that  blood  concentration  changes 
become  significant.  The  average  increased  concentration  begins 
early  in  the  period  of  water  deprivation  and  gradually  rises  to  a 
fairly  well  defined  maximum  which  is  not  exceeded  during  the  time 
interval  of  this  investigation.  The  daily  values  for  hemoglobin 
content  fluctuate  greatly  which  perhaps  may  indicate  an  attempt 

*  Keith,  N.  M.,  Am.  J.  Physiol.,  1022,  lix,  452. 
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Chart  1.  The  influence  of  water  introduction  upon  hemoglobin  of  the 
blood  of  animals  deprived  of  water. 
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Chart  2.  The  influence  of  water  introduction  upon  hemoglobin  of  the 
blood  of  animals  deprived  of  water. 
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on  the  part  of  the  organism  to  maintain  constant  the  concentration 
of  the  circulating  medium.  A  point  of  considerable  significance  is 
the  maximum  level  of  blood  concentration  attained.  In  previous 
experience3  it  has  been  shown  that  blood  concentration  exceeding 
25  per  cent  above  the  normal  is  attended  by  grave  symptoms  and 
that  a  level  maintained  at  40  per  cent  or  more  is  usually  followed 
by  death.  In  this  connection  it  is  quite  evident  that  the  results 
obtained  in  the  present  communication  fall  in  line  with  this 
general  statement.  Levels  of  blood  concentration  considerably 
above  25  f>er  cent  of  normal  were  reached  but  were  not  maintained 
for  appreciable  periods.  This  fact  emphasizes  the  large  factor  of 
safety  possessed  by  the  organism  in  regulation  of  the  water 
balance.  It  is  quite  probable  therefore  that  grave  detrimental 
effects  are  not  to  be  expected  from  water  deprivation  until  this 
factor  of  safety  in  water  regulation  has  been  exceeded.  If  the 
assumption  is  correct  that  levels  of  blood  concentration  exceeding 
40  per  cent  of  the  normal  are  attended  by  marked  evidences  of 
abnormality  then  it  is  probable  that  this  factor  of  safety  breaks 
down  when  blood  concentration  is  maintained  at  a  level  greatly 
exceeding  40  per  cent  of  the  normal  value. 

Although  the  fact  that  water  deprivation  appreciably  increases 
blood  concentration,  is  of  great  significance  clinically,  of  even 
greater  importance  is  the  observation  presented  in  the  appended 
charts,  that  introduction  of  water  into  the  system  of  an  animal 
with  concentrated  blood  will  rapidly  cause  blood  concentration  to 
resume  a  level  near  the  normal.  Such  observations  indicate  proper 
methods  of  therapy  in  conditions  associated  with  highly  concen- 
trated blood.  It  is  well  known  that  blood  concentration  is  altered 
little,  if  at  all,  by  the  introduction  of  large  volumes4  of  water  into 
normal  individuals,  the  organism  tending  to  maintain  a  constant 
circulating  fluid.  It  would  seem  quite  reasonable  to  assume  that 
the  introduction  of  large  volumes  of  fluid  into  the  normal  organism 
would  be  promptly  excreted,  the  excess  fluid  being  of  no  special 
value.  On  the  other  hand,  it  is  just  as  reasonable  to  assume  that 
in  conditions  where  water  in  the  body  has  been  greatly  diminished 
introduced  water  should  be  retained  in  order  to  restore  blood 

1  Underhill,  F.  P.,  The  lethal  war  gases;  physiology  and  experimental 
treatment,  New  Haven,  1920. 

<  Halcfane,  J.  S.,  and  Priestley,  J.  G.,  J.  Physiol.,  1915-16, 1,  296. 
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volume  to  a  normal  status.  Such  a  fact  emphasizes  the  errc 
of  applying  observations  obtained  under  normal  circumstance 
to  conditions  in  which  disturbed  metabolic  processes  play  a  r61< 
Water  introduced  into  a  normal  individual  will  not  material! 
alter  blood  concentration,  introduced  into  an  animal  with  highl 
concentrated  blood  water  will  cause  blood  concentration  to  h 
reduced  to  a  level  near  the  normal.  These  facts  further  emphash 
the  rational  type  of  treatment  to  be  followed  in  conditions  ass< 
dated  with  concentrated  blood  as  already  indicated  for  war  g£ 
poisoning8  and  certain  types  of  influenza.5  * 

CONCLUSIONS. 

Short  intervals  of  water  deprivation  significantly  increase  th 
blood  concentration  of  dogs.  The  degree  of  concentration  a 
tained  under  the  experimental  conditions  indicates  a*great  facte 
of  safety  on  the  part  of  the  organism  in  the  regulation  of  wate 
balance  since  dangerous  levels  of  blood  concentration  were  nc 
maintained  nor  were  abnormal  symptoms  in  evidence. 

Water  introduction  in  animals  with  concentrated  blood  produce 
a  return  of  blood  concentration  to  a  point  approximating  tt 
normal. 

These  observations  indicate  the  type  of  therapy  adequate  i 
conditions  associated  with  concentrated  blood  and  lend  suppo] 
to  the  therapy  advocated  previously  by  Underhill  in  war  g* 
poisoning  and  in  certain  types  of  influenza. 

•  Underhill,  F.  P.,  and  Ringer,  M.,  J.  Am.  Med.  Assn.,  1920,  lxxv,  1531. 
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I*i  an  investigation  of  the  relationship  between  the  alkaline  tide 

in  urine  and  the  occurrence  of  free  hydrochloric  acid  in  the  stomach 

as  shown  by  fractional  gastric  analysis,  a  preliminary  report  of 

which  has  been  given  elsewhere  (Hubbard  and  Munford,  1922), 

oerta.in  facts  were  observed  regarding  the  excretion  of  ammonia 

*vhich  led  to  the  present  study:  cases  which  showed  an  absence 

°*  ^ree  hydrochloric  acid  in  the  gastric  juice  showed  a  high  degree 

P*    constancy  of  both  hydrogen  ion  concentration  and  ammonia 

l*^    specimens  of  urine  collected  at  different  times  in  the  day. 

This   observation  is  not  new;  Schittenhelm  (1903),  Loeb  (1905), 

*^<i  Gammeltoft  (1911)  have  reported  similar  findings  in  various 

ilHical  conditions  associated  with  anacidity,  and  have  shown  that 

^^xnonia    excretion    varies    after   meals.     Recently,    Campbell 

.     *^20),  who  has  summarized  the  earlier  literature  upon  this  sub- 

°^>    has  shown  that  the  excretion  of  acid  and  ammonia  vary  to- 

^°^her  after  meals.     In  the  paper  presented  here  a  statistical 

*    tlcly  of  a  series  of  results  has  been  made  to  find  out:  (1)  to  what 

e£aT*~e*e  ammonia  excretion  varies  with  the  acidity  of  the  urine; 

*'    ^vrhat  influence  the  volume  of  the  urine  has  upon  the  excretion 

^*ximonia;  (3)  whether  any  relationship  found  is  between  the 

**~*~xonia  present  in.  urine  and  the  reaction  or  the  amount  of  acid 

^*^^nt;  (4)  is  any  relationship  noted  primarily  between  acidity 

*-*     the  amount  of  ammonia  present,  or  acidity  and  the  concen- 

^^ion  of  ammonia;  and  (5)  what  is  the  influence  of  volume  of 

*^^  excreted  on  the  relationship  between  acidity  and  ammonia. 

^*Vie  literature  upon  the  alkaline  tide  in  urine  is  extensive,  and, 

x*i  has  recently  been  reviewed  by  Campbell  (1920)  and  Fiske 

^  ^^  1),  it  will  not  be  summarized  here.     Two  views  have  been 

^^^^.nced  as  to  the  cause  of  the  alkaline  tide,  one  that  it  is  due  to 
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the  secretion  of  hydrochloric  acid  by  the  stomach  and  subsequen 
reabsorption  of  the  acid  in  the  intestines,  recently  restated  an 
defended  by  Campbell  (1920),  and  supported  by  the  work  of  Ben- 
nett and  Dodds  (1921)  on  the  relationship  between  gastric  acidity 
and  alveolar  carbon  dioxide  tension,  and  one  that  it  is  due  to 
changes  in  the  respiratory  activity  which  would  lead  to  a  condition 
of  acidosis  were  they  not  compensated  for  by  the  secretion  of  a 
urine  more  alkaline  than  usually  by  the  kidney  (Leathes,  1919). 
The  constancy  of  urine  reaction  found  in  cases  showing  an  absence 
of  free  hydrochloric  acid  in  the  gastric  juice  (Hubbard  and  Mun- 
ford,  1922)  would  favor  a  gastric  rather  than  a  renal  source  of  the 
alkaline  tide. 

Many  writers,  besides  those  already  referred  to,  have  called 
attention  to  the  relationship  between  reaction  and  ammonia 
excretion.  Hasselbalch  (1912,  1916)  in  particular,  has  discussed 
the  simultaneous  variation  of  these  two  urinary  constituents  after 
meals,  and  has  studied  the  effect  of  differences  in  diet  upon  them. 
He  noted  that  the  ratio  between  ammonia  and  total  nitrogen  in 
the  urine  varied  with  the  hydrogen  ion  concentration,  and  plotted 
curves  to  illustrate  the  relationship  (Hasselbalch,  1916).  In  the 
same  paper  he  stated  that  the  values  of  this  ratio  corresponded 
more  closely  with  those  of  the  hydrogen  ion  concentration  than 
did  either  the  concentration'  of  the  ammonia  or  the  amount  ex- 
creted in  an  hour.  Confirmation  of  the  existence  of  a  relationship 
between  ammonia  excretion  and  the  reaction  of  the  urine  is  fur- 
nished by  the  work  of  Collip  and  Backus  (1920)  and  of  Grant  and 
Goldman  (1920).  They  investigated  the  effect  of  forced  respira- 
tion upon  various  factors  which  might  be  influenced  by  an  induced 
acidosis  or  alkalosis,  and  found  that  the  urine  became  less  acid  and 
the  amount  of  ammonia  excreted  decreased  as  a  result  of  their 
experiments. 

Among  papers  which  have  dealt  with  the  influence  of  fluid 
intake,  with  consequent  increase  of  volume  of  urine  excreted, 
upon  the  elimination  of  ammonia  are  those  of  Wills  and  Hawk 
(1914)  and  Wilson  and  Hawk  (1914).  These  authors  showed  that 
the  amount  of  ammonia  excreted  in  a  day  varied  with  the  amount 
of  water  taken.  Ivy  (1918)  investigated  the  influence  of  fluid 
intake  upon  ammonia  excretion,  of  gastric  secretion  upon  ammonia 
excretion,  and  of  fluid  intake  upon  gastric  secretion.     He  wrorked 
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with  normal  human  subjects  and  with  dogs,  and  showed  that 
secretion  of  hydrochloric  acid  by  the  stomach  and  its  subsequent 
reabsorption  regularly  influenced  the  excretion  of  ammonia,  but 
that  increased  excretion  of  water  did  not  always  do  so.  He 
believed  that  unless  water  was  so  given  that  it  influenced  the 
secretion  of  hydrochloric  acid  by  the  stomach  it  had  no  influence 
upon  the  excretion  of  ammonia. 

Comparisons  of  urinary  acidity  and  ammonia  excretion  after 
*h©  administration  of  acids  and  alkalies  have  been  made  often. 
A  paper  which  bears  directly  upon  some  aspects  of  the  problem 
under  consideration  is  that  of  Marriott  and  Howland  (1918). 
•^h^y  fed  equivalent  amounts  of  dilute  hydrochloric  acid  and  mix- 
tures of  phosphates  of  different  hydrogen  ion  concentrations  to 
three  normal  human  subjects,  and  found  that  the  acid  increased 
the    daily  elimination  of  both  the  titratable  acid  and  ammonia, 
tha,t    solutions  of  acid  sodium  phosphate  increased  the  elimina- 
tion  of  acid  only,  and  that  phosphate  solutions  which  had  a  pH 
°*    7.4  increased  the  amount  of  acid  and  decreased  the  amount  of 
arnrrxonia    excreted.     These    experiments    show    that   titratable 
aci^l    and  ammonia  are  not  necessarily  related  to  each  other.     In 
exPoriments  under  normal  conditions,  however,  there  may  be  some 
reIa,*tionship  between  amounts  of  acid  and  amounts  of  ammonia 
e>ccr^ted.     Campbell  (1920)  has  commented  upon  such  a  rela- 
*°**s*hip  in  his  paper  upon  the  alkaline  tide,  and  Fiske  (1920) 
as    discussed  variations  in  the  ratio  between  the  amounts  of  am- 
0r*ia  and  sulfate  excreted  because  sulfuric  acid  is  one  of  the  acids 
^^t^alized  by  ammonia  in  the  body.     He  showed  that  the  values 
*  t*is  ratio  varied  with  the  hydrogen  ion  concentration  of  urine. 
~**I"ie  figures  discussed  in  this  paper  were  obtained  from  a  series 
,.     ^A?venty-one  experiments  carried  out  on  nineteen  subjects  who 
fi  *K>t  show  clinical  or  metabolic  symptoms  of  acidosis;  six  of 

^*~*-*  gave  gastric  analyses  typical  of  anacidity.  In  each  experi- 
^:r^~t;  specimens  of  urine  were  collected  every  2  hours  from  7  a.m. 
p.m.,  and  a  single  specimen  was  collected  from  7  p.m.  to  7 


*****  -    of  the  following  day.     All  specimens  were  analyzed  as  soon 

a      T>ossible  after  they  were  collected,  except  that  in  some  instances 

s*^^cimens  collected  in  the  evening  were  put  on  ice  and  were  an- 

^V^cd  the  next  morning.     The  determination  of  the  hydrogen 

VOtl     concentration  was  carried  out  bv  a  colorimetric  method  es- 
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sentially  the  same  as  that  recently  described1  by  Marshall  (1922] 
the  titratable  acid  was  determined  by  the  method  of  Folin  (1916) 
and  the  ammonia  by  that  of  Folin  and  Bell  (1917).  Gastric  anal 
yses  were  made  by  the  fractional  method  of  Rehfuss,  Bergeim. 
and  Hawk  (1914).  Typical  protocols  of  three  experiments,  on< 
on  a  normal  subject  and  two  on  cases  of  anacidity,  are  given  ii 
Table  I.  One  of  the  cases  of  anacidity  showed  marked  differences  ^ 
in  the  amount  of  urine  secreted  in  an  hour,  while  the  volumes  of  ^ 
the  specimens  obtained  from  the  other  case  did  not  vary  much. 

In  studying  the  results,  it  seemed  best  to  consider  each  experi- 
ment separately,  and  not  combine  all  the  results  from  all  the 
experiments,  to  avoid  variations  in  the  elimination  of  acid  and 
ammonia  by  different  individuals.  Inspection  of  the  data  showed 
that  there  were  relationships  between  ammonia  excretion,  acid 
excretion,  and  the  volumes  of  the  urine  specimens,  but  thatT  these 
relationships  were  not  definite  enough  to  be  expressed  in  any 
simple  mathematical  or  graphic  way.  The  data  were  subjected 
instead  to  statistical  analysis. 

The  effect  of  the  different  factors  upon  the  excretion  of  ammonia 
and  on  each  other  was  first  studied  in  the  following  way.  Each 
factor  in  turn  was  regarded  as  an  independent  variable,  and  the 
results  obtained  on  each  experiment  were  arranged  in  order  of  the 
changes  in  that  factor.  For  example,  all  the  results  in  each  ex- 
periment were  arranged  in  order  of  their  volumes  from  highest  to 
lowest.  The  total  number  of  urines  obtained  in  each  complete 
experiment  was  seven2  (in  two  of  the  experiments  patients  were 
unable  to  void  at  the  end  of  2  hours)  and  arranged  in  this  wray  each 
experiment  gave  21  pairs  of  determinations  in  which  any  one  fac- 
tor varied.  The  number  of  those  pairs  in  which  other  factors 
increased  or  decreased  with  the  independent  variable  was  counted, 

1  The  specimens  were  collected  in  jars  which  contained  a  small  amount 
of  toluene.  No  especial  precautions  similar  to  those  recently  described  by 
Marshall  were  taken,  and  the  results  of  the  determinations  of  the  hydrogen 
ion  concentrations  are  subject  to  such  corrections  as  have  been  described 
by  him. 

2  It  was  thought  at  first  that  only  those  specimens  collected  at  2  hour 
intervals  during  the  day  should  be  studied,  but  the  specimens  collected 
during  the  night  were  found  to  be  comparable  with  the  others  and  they 
have  been  included.  The  results  did  not  influence  the  figures  appreciably 
except  to  increase  the  number  of  determinations  available  for  comparisons. 
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and  the  result,  expressed  in  terms  of  percentage  of  the  total  pairs 
was  recorded  in  Table  II.  In  this  table  the  effect  of  different  de- 
grees of  difference  in  the  values  of  the  independent  variable  are 
also  shown. 

TABLE  I. 


Gastric 

Urine. 

0.1  w  in  100  oo. 

Time. 

Volume 
per  hr. 

PH 

Ammonia  X. 

0.1  N 

acid. 

Time. 

In 
100  co. 

HC1 

Total. 

Total. 

o.tn. 

cc. 

cc. 

cc. 

mo.  per 
100  cc. 

my. 

Res. 

0 

6 

7-9 

a.m. 

78 

5.5 

20.0 

15.6 

14.3 

11.2 

9.00 

0 

11 

9-11 

u 

84 

5.7 

15.7 

13.2 

7.2 

6.05 

9.15 

4 

21 

11-1 

p.m. 

99 

5.9 

20.0 

19.8 

13.2 

26.1 

9.30 

19 

35 

1-3 

4< 

66 

5.3 

27.8 

18.4 

28.9 

19.1 

9.45 

33 

48 

3^5 

it 

91 

6.1 

16.9 

15.3 

14.1 

12.3 

10.00 

37 

69 

5-7 

«< 

44 

5.45 

27.8 

12.1 

31.2 

13.6 

10.15 

40 

81 

a.m. 

35 

5.6 

33.9 

12.0 

15.1 

18.2 

10.45 

35 

58 

11.15 

0 

10 

Res, 

0 

6 

7-9 

a.m. 

39 

5.1 

29.0 

11.3 

40.0 

31.9 

9.30 

0 

10 

9-11 

i< 

40 

4.9 

36.5 

14.4 

59.1 

46.6 

9.45 

0 

5 

11-1 

p.m. 

192 

5.2 

12.5 

47.8 

13.2 

25.3 

10.00 

0 

5 

1-3 

n 

143 

5.1 

15.4 

37.7 

20.8 

25.5 

10.15 

0 

4 

3^5 

it 

208 

5.25 

10.5 

21.9 

12.1 

25.0 

10.45 

0 

4 

Q-i 

n 

173 

5.4 

10.0 

17.3 

12.1 

41.5 

Pm      mm 

i-4 

a.m. 

82 

5.2 

15.4 

12.6 

11.6 

9.50 

Res. 

0 

4 

7-9 

a.m. 

18 

5.3 

51.4 

9.00 

26.8 

4.70 

9.15 

0 

9 

9-11 

t< 

14 

5.35 

44.7 

6.70 

31.8 

8.90 

9.30 

0 

7 

11-1 

p.m. 

16 

5.2 

44.4 

7.10 

44.7 

7.15 

10.00 

0 

10 

1-3 

u 

27 

5.4 

47.6 

12.9 

31.1 

16.8 

10.30 

0 

10 

3-5 

a 

29 

5.45 

47.8 

13.9 

30.7 

8.90 

5-7 

it 

10 

5.3 

56.1 

5.61 

37.0 

3.70 

I 

P*      mm 

a.m. 

34 

1 

o.o 

50.4 

15.2 

18.0 

6.17 

Reference  to  the  first  part  of  Table  II  will  make  this  method  of 
analysis  clear.  There  were  399  pairs  of  determinations  in  which 
the  volume  varied;  in  74  per  cent  of  them  the  hourly  excretion  of 
ammonia  increased  when  the  volume  increased,  and  in  65  per 
cent  the  concentration  of  ammonia  decreased  as  the  volume  in- 
creased.    There  wen1  only  281   pairs  which  showed  differences 
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in  volume  greater  than  10  cc.  per  hour,  and  in  76  per  cent  of  these 
the  ammonia  excretion  varied  directly  as  the  volume,  while  in 
71  per  cent  of  these  the  ammonia  concentration  varied  inversely 
as  the  volume. 

TABLE  n 


Independent  variiible. 

Dependent ▼ 

triable. 

V»ri»tion. 

Vtin. 

m 

AmD10ni. 

Add 

Kind. 

l 

J 

| 

i 

1 

I 

i 

3 

- 

per 

"^r 

V 

V 

~ 

Volume. 

Alt  pairs. 

399 

57 

66 

74 

64 

54 

More  than  10  cc.  per  hr. 

2S1 

ft-. 

71 

76 

m 

53 

"       "     20  "     "     " 

206 

61 

83 

82 

711 

56 

" 

"       "     50  "    "     " 

86 

74 

« 

84 

69 

57 

Reaction. 

All  pairs. 

365 

72 

59 

78 

72 

More  than  0.2  pH. 

238 

79 

i\:> 

81 

78 

"      "     0.5  " 

130 

90 

77 

81 

86 

"      "      1.0  " 

70 

90 

81 

93 

90 

Acid  concentration. 

All  pairs. 

387 

74 

75 

55 

More  than  10  per  cent. 

353 

74 

79 

54 

"      25  " 

282 

83 

79 

:.i 

"       "      50  " 

161 

85 

87 

45 

Tofal  acid. 

All  pairs. 

398 

66 

64 

::i 

More  than  10  per  cent. 

353 

r,( 

66 

72 

"      25  " 

257 

72 

7(1 

77 

"      50  " 

116 

76 

68 

<i 

All  dependent  variables  vary  directly  with  the  independent  ones  except 
the  concentrations  of  ammonia  and  acid,  which  vary  inversely  as  the  volume. 
Figures  for  hydrogen  ion  concentration  compared  with  volumes  show  actual 
increases  in  the  hydrogen  ion  concentration  as  the  volume  decreases. 
Ammonia  and  acid  excretion  and  concentration  increase  as  the  hydrogen 
ion  concentration  increases. 

The  first  part  of  Table  II  shows:  (1)  that  urine  ammonia, 
whether  expressed  as  concentration  or  rate  of  elimination,  varies 
with  the  volume  eliminated;  (2)  that  the  amount  of  acid  eliminated 
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does  not  vary  with  the  volume;  (3)  that  the  hydrogen  ion  con- 
centration of  urine  has  a  slight  tendency  to  increase  as  the  volume 
decreases,  but  that  the  differences  are  so  slight  that  it  is  not  safe 
to  draw  any  conclusions  from  the  figures.  The  second  part  of 
the  table  shows  that  variations  in  both  acid  and  ammonia  elimi- 
nation whether  expressed  as  concentrations  or  as  amounts  ex- 
creted, vary  with  the  hydrogen  ion  concentration,  but  that  there 
is  better  agreement  between  the  reaction  of  urine  and  the  con- 
centration of  ammonia  than  between  the  reaction  and  the  amounts 
of  ammonia  eliminated.  The  third  and  fourth  parts  of  the  table 
show  that  differences  in  the  ammonia  and  acid  elimination  agree 
with  each  other,  but  that  they  do  not  agree  better  than  would 
be  expected  from  the  relationship  both  show  to  the  hydrogen 

TABLE  III. 

Reactions  vary  0.2  pH  or  loss. 


Variable. 

Difference. 

No. 

Amount  of 
ammonia. 

Amount  of 
acid. 

per  cent 

per  cent 

Volume. 

All  pairs. 

153 

89 

71 

<< 

More  than  10  cc. 

93 

94 

76 

u 

a          u        of)    " 

60 

97 

75 

Acid. 

All  pairs. 

150 

77 

u 

More  than  10  per  cent. 

124 

86 

i< 

it        u       no   "       " 

78 

85 

ion  concentration  of  urine.  The  most  striking  fact  shown  by  the 
table  is  the  slight  effect  which  changes  in  volume  have  upon  the 
amount  of  acid  excreted. 

In  Table  III  are  recorded  variations  in  the  amounts  of  ammonia 
and  of  acid  eliminated  when  the  hydrogen  ion  concentration  is 
constant  within  0.2  pH  (this  represents  the  probable  limit  of  ac- 
curacy of  the  determination  on  samples  of  urine  collected  as  these 
were  (Marshall,  1922))  and  the  volume  varies.  The  table  shows 
that,  under  such  conditions  the  rate  of  ammonia  excretion  varies 
(qualitatively)  almost  directly  with  the  volume,  but  that  the  rate 
of  acid  excretion  does  not.  The  table  also  shows  that,  when  the 
reaction  of  the  urine  is  constant,  the  excretion  of  ammonia  varies 
more  closely  with  the  volume  than  it  does  with  the  amount  of 
acid  excreted. 


472 


Excretion  of  Acid  and  Ammonia 


Table  IV  shows  the  results  of  studies  upon  the  concentration 
of  acid  and  ammonia  when  the  volumes  of  the  samples  did  not 
differ  from  each  other  by  more  than  20  cc.  Both  vary  to  about 
an  equal  degree  with  the  reactions  of  the  specimens,  but  there  is 
no  better  agreement  between  the  ammonia  concentration  and  the 
acid  concentration  th$n  there  is  between  the  ammonia  con- 
centration and  the  reaction.  A  similar  table  to  the  one  given 
was  constructed  based  on  the  pairs  which  showed  agreement  within 
10  cc.  and  the  figures  were  essentially  the  same  as  those  given  in 
Table  IV.  From  the  studies  discussed  above  it  is  evident  that 
the  ammonia  ^excretion  varies  with  the  volume  and  reaction, 
but  not  with  the  amount  of  acid  excreted;  this  corresponds  with 
the  experimental  results  of  Marriott  and  Howland  (1918). 

TABLE  IV. 

Volumes  vary  20  cc.  or  less. 


Variable. 

Difference. 

No. 

Concen- 
tration of 
ammonia. 

Concen- 
tration of 
acid. 

percent 

per  cent 

Reaction. 

All  pairs. 

•     172 

65 

64 

u 

More  than  0.2  pH. 

91 

75 

79 

n 

"       "      0.5  " 

41 

96 

90 

Acid  concentration. 

All  pairs. 

192 

67 

u                a 

More  than  10  per  cent . 

163 

70 

t<                tt 

4«                       it              Ot       it                   it 

121 

77 

tt                tt 

tt                 tt           gQ     it               it 

60 

85 

In  Table  V  conditions  under  which  ammonia  and  acid  excretion 
are  constant  are  given.  In  each  experiment  the  number  of  pairs 
which  agreed  with  each  other  within  10  and  25  per  cent  were 
counted,  and  the  results  compared  with  increasing  constancy  of 
volume  and  hydrogen  ion  concentration  of  the  specimens.  That 
changes  in  acid  excretion  and  ammonia  excretion  are  not  directly 
related  to  each  other  is  shown  in  this  table,  for,  while  the  constancy 
of  ammonia  increases  as  the  constancy  of  volume  increases,  that 
of  acid  does  not;  and  while  the  constancy  of  both  acid  and  am- 
monia concentrations  increase  as  differences  in  reaction  become 
less,  the  increases  are  distinctly  more  marked  in  the  case  of  the 
ammonia  concentrations. 
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The  data  presented  in  Table  V  furnish  an  opportunity  for  com- 
paring the  relationship  of  volume  and  reaction  to  concentration 
and  rate  of  ammonia  excretion,  respectively.     The  table  shows 
that  the  constancy  of  both  increases  as  differences  in  volume 
decrease,  and  that  constancy  of  concentration  increases  more 
as  the  volume  diminishes  than  does  the  constancy  of  the  amount 
of  ammonia  eliminated.    Decreasing  differences  in  the  hydrogen 
ion  concentration  of  urine  is  accompanied  by  little  if  any  change 
in  the  constancy  of  the  amount  of  ammonia  eliminated,  but  by  a 
great  increase  in  the  constancy  of  the  concentration  at  which  it  is 

eliminated. 

table  v. 


Total  paint. 

Ammonia. 

Acid. 

Description. 

No. 

Mg.  per  100 
re.  within 

Mg.  per  hr. 
within 

Mg.  per  100 
cc.  within 

Mg.  per  hr. 

within 

10  per 
cent 

25  per 
cent 

10  per 
cent 

25  per 
cent 

10  per 
cent 

25  per 
cent 

10  per 
cent 

25  per 
cent 

~                 All  pairs. 
Vi*  *-iin0.5pH. 
**       0.2    " 

*»  ^  .           All  pairs. 
*T    liin  20  cc. 
*  *     .10  " 

406 

273' 

153 

406 
187 
127 

prr 
rent 

26 
31 
35 

26 
35 
36 

per 
cent 

43 

69 

43 
61 
70 

p*r 
rent 

14 
13 
12 

14 
17 
20 

per 

cent 

40 
46 

48 

4Q 
48 
5S 

per 
(•/  n  t 

13 
14 
20 

13 
16 
13 

per 

ren  t 

32 
37 

48 

32 
38 
42 

per 
ct  nt 

15 
13 
20 

15 
18 
20 

per 
cent 

37 
46 
45 

37 
43 
41 

n  Table  VI  the  constancy  of  ammonia  concentration  and  ex- 
^tion  when  volume  and  reaction  do  not  vary  is  studied  further, 
the  first  part  of  the  table  all  pairs  which  showed  variations  of 
urne  less  than  10  cc.  are  subdivided  into  those  the  hydrogen 
concentration  of  which  varies  by  0.2  pH  or  less,  by  0.5  pH 
less,  and  by  1.0  pH  or  less.     In  the  second  part  all  pairs  which 
^  ^^  *owed  variations  of  hydrogen  ion  concentration  of  0.2  pH  or 
/^^s  are  divided  in  a  similar  way  according  to  the  constancies  of 
*^eir  volumes.     The  table  shows  the  following  relationships  be- 
^Veen  the  independent  variables,  constancy  of  volume  and  reac- 
^i*)n,  and  the  dependent  variables,  constancy  of  ammonia  con- 
centration and  excretion;  there  is  greater  constancy  of  ammonia 
Concentration  than  of  ammonia  excretion  throughout  both  parts 
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of  the  table,  even  when  both  the  reaction  and  the  volume  are  c< 
stant;  constancy  of  volume  without  constancy  of  reaction 
accompanied  by  greater  constancy  in  the  amount  of  ammoi 
excreted  than  is  the  opposite  condition;  constancy  of  ammoi 
concentration  varies  more  nearly  with  the  reaction  than  with  1 
volume,  for  if  the  hydrogen  ion  concentration  is  constant,  01 
rather  marked  changes  in  volume  variation  are  accompanied 
significant  changes  in  the  constancy  of  ammonia  concentrate 
(See  figures  for  volumes  within  10  and  20  cc.  in  the  table  showi 
pairs  having  hydrogen  ion  concentrations  within  0.2  pH.) 

TABLE  VI 

All  Cases. 


De*«cripti 

on  of  pairs. 

Ammonia. 

Mg.  per  100 
ec.  within 

Mg.  perl 
within 

Variable. 

Difference. 

No. 

10  per 
cent 

25  per 
cent 

10  per 
cent 

[25 
cc 

per 
cent 

per 
cent 

per 
cent 

V 
ct 

Volume  within  10  cc. 

All  pairs. 

127 

36 

70 

20 

i 
» 

"            "       10  " 

pHinl.0. 

115 

39 

73 

21 

i 

"            "       10  " 

"     "  0.5. 

100 

44 

80 

22 

i 

"            "       10  " 

"     "  0.2. 

65 

41 

89 

22 

• 

Within  0.2  pH. 

All  pairs. 

153 

35 

69 

12 

i 

"      0.2    " 

Volume  in  100  cc. 

142 

38 

73 

13 

i 

"      0.2    " 

"         "    50   " 

127 

41 

80 

13 

i 

X 

"      0.2    " 

"        "    20   " 

85 

46 

88 

18 

i 

"      0.2    " 

u           a      1Q    a 

65 

41 

89 

! 

22 

m 
4 

The  values  of  the  hydrogen  ion  concentration  and  of  oth 
factors  may  change  during  the  periods  which  correspond  to  t 
collection  of  samples  of  urine.  Cases  of  gastric  anacidity  show 
high  degree  of  constancy  in  the  reaction  of  different  samples 
urine,  and  probably  do  not  show  such  great  changes  during  t 
periods  of  collection  as  do  other  types  of  cases.  Material  fro 
cases  showing  gastric  anacidity  should  show  a  closer  correspon 
ence  between  reaction  and  any  constituent  which  varies  wi 
reaction  than  does  material  from  unassorted  cases,  and  tabl 
paralleling  those  given  have  been  prepared  from  the  data  obtain* 
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from  the  six  cases  of  anacidity  studied.  Table  VII  was  prepared 
in  the  same  way  as  was  Table  VI,  but  contains  determinations  on 
these  six  cases  only.  This  table  shows  the  same  relationships 
which  were  shown  by  the  preceding  table,  but  shows  them  present 
in  a  more  marked  degree.  Ammonia  concentration  shows  great 
constancy  when  the  hydrogen  ion  concentration  is  constant,  and 
only  large  differences  in  volume  (more  than  50  cc.  per  hour) 
markedly  reduce  this  constancy.  Ammonia  concentration  also 
increases  in  constancy  as  the  volume  differences  become  smaller, 
even  when  the  reaction  remains  constant;  this  change  is  not  as 

TABLE  VII. 
Cases  of  Anacidity. 


Description  of  pairs. 

Ammonia. 

Variable. 

Description. 

No. 

Mg.  per  100 

cc.  within 

Mg.  per  hr. 

within 

• 

10  per 
cent 

25  per 
cent 

10  per 
cent 

25  per 
cent 

per 
cent 

per 
cent 

per 
cent 

per 
cent 

Volume  within  10  cc. 

All  pairs. 

56 

48 

86 

23 

68 

"             "     10  " 

pH  in  0.5. 

52 

58 

92 

25 

69 

"             "     10  " 

"      "  0.2. 

38 

61 

97 

22 

82 

Within  0.2  pH. 

All  pairs. 

78 

41 

81 

10 

50 

"      0.2  " 

Volume  in  100  cc. 

71 

45 

87 

13 

55 

"      0.2  " 

"         "    50  " 

62 

52 

97 

15 

61 

"       0.2  " 

a           u      no    " 

50 

52 

98 

18 

70 

"      0.2  " 

a           «      1Q    a 

38 

61 

97 

22 

82 

marked  as  the  other,  however,  and,  as  a  matter  of  fact,  no  pairs 
agreed  within  25  per  cent  when  the  difference  in  hydrogen  ion 
concentration  was  more  than  0.5  pH,  and  none  agreed  wrhich 
showed  a  difference  of  more  than  0.3  pH,  except  when  the  volumes 
of  the  specimens  varied  10  cc.  or  less.  A  comparison  of  the  figures 
for  ammonia  concentration  with  those  for  the  amount  of  ammonia 
excreted,  shows  clearly  that  the  constancy  of  ammonia  excreted 
does  not  primarily  vary  with  the  reaction,  for  there  is  good  agree- 
ment with  the  hydrogen  ion  concentration  only  when  the  volumes 
of  urine  are  also  equal,  and  even  then  there  is  not  as  good  agree- 
ment of  the  values  as  there  is  of  the  values  of  the  ammonia  con- 
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■  centration.     The  equality  under  these  conditions — like  concer 
trations  and  like  volumes — is  inevitable. 

The  relationship  between  hydrogen  ion   concentration  an' 
volume  on  the  one  hand,  and  ammonia  excretion  on  the  other,  i 
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Plffernneae  in  voluiae 
Chart  I.  Equal  amounts  of  ammonia  excreted . 

shown  in  the  charts.  In  Chart  1  the  volume  differences  and  h; 
drogen  ion  differences  of  each  pair  of  determinations  (from  a 
the  cases  studied,  not  from  the  cases  of  anacidity  alone)  whit 
showed  an  agreement  of  the  amount  of  ammonia  excreted  withi 
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10  per  cent  is  shown;  Chart  2  gives  the  corresponding  values 
for  pairs  which  showed  the  same  constancy  of  ammonia  concen- 
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Chart  2.  Equal  concentrations  of  ammonia. 

tration.    Chart  2  shows  clearly  that  there  is  a  definite  relation- 
ship between  the  volume  and  hydrogen  ion  concentration  on  the  one 
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hand,  and  the  constancy  of  the  concentration  of  ammonia  on  th 
other,  while  Chart  1  shows  that  there  is  no  such  relationship  of  coi 
stancy  of  ammonia  excreted  except  when  both  volume  and  reactio 
are  constant. 

Study  of  the  tables  and  charts  shows:  (1)  that  ammonia  es 
cretion  varied  with  the  acidity  of  the  urine;  (2)  that  ammoni 
excretion  varied  with  the  volume  of  the  urine  excreted;  (3)  thj 
the  excretion  of  ammonia  varied  with  the  reaction  of  the  urim 
and  that  the  amount  of  acid  excreted  did  not  directly  affect  i1 
excretion;  (4)  that  the  agreement  between  changes  of  reaction  an 
ammonia  excretion  was  primarily  between  hydrogen  ion  concei 
tration  and  the  concentration  of  ammonia,  not  between  hydroge 
ion  concentration  and  the  amount  of  ammonia  excreted;  and  (I 
that  large  differences  in  volume  led  to  a  diminished  agreemei 
between  the  reaction  and  the  concentration  of  the  ammonia,  whil 
very  small  differences  in  volume  sometimes  were  accompanied  b 
concentrations  which  agreed  more  than  the  differences  in  the  rea< 
tion  would  have  indicated. 

Do  the  results  presented  accord  better  with  the  theory  recentl 
discussed  by  Nash  and  Benedict  (1921)  that  the  kidney  itse 
makes  the  ammonia  which  it  excretes,  or  with  the  theory  that 
is  produced  elsewhere  in  the  body?  Explanations  of  the  finding 
could  probably  be  made  based  upon  either  theory,  but  the  fa< 
that  it  is  the  ammonia  concentration,  rather  than  the  amount  < 
ammonia  excreted  which  varies  with  the  reaction  of  the  urin< 
appears  to  favor  the  theory  that  it  is  the  kidney  which  is  the  sour< 
of  ammonia.  If  the  ammonia  were  produced  elsewhere  und< 
the  same  stimulus  which  produces  variations  in  the  reaction  < 
urine,  a  correspondence  between  that  stimulus  and  the  amount  c 
ammonia  produced  would  be  expected,  and  a  corresponded 
(modified  to  some  extent  by  changes  in  the  hourly  rate  of  urir 
excretion)  between  the  hydrogen  ion  concentration  and  the  amour 
of  ammonia  excreted  would  result.  Instead,  there  is  agreemei 
primarily  between  this  stimulus  (measured  by  the  reaction  of  th 
urine)  and  the  concentration  of  ammonia,  modified  only  when  th 
differences  in  volume  are  very  large  or  very  small.  Since  an 
monia  is  much  more  concentrated  in  the  urine  than  it  is  in  th 
blood,  and  so  cannot  be  classed  with  those  diffusible  compound 
which  show  close  agreement  between  the  concentrations  in  bloo 
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and  urine  (Widmark,  1920)  this  agreement  between  hydrogen 
ion  concentration  and  ammonia  concentration  seems  to  correspond 
with  what  would  be  expected  if  the  kidney  produced  ammonia 

• 

rather  than  with  theories  that  it  is  produced  elsewhere  in  the  or- 
ganism. No  matter  which  theory  of  ammonia  formation  is 
accepted,  the  facts  presented  in  this  paper  tend  to  show  that  if 
the  volume  of  the  urine  can  be  increased  in  some  way  which  does 
not  lead  to  changes  in  the  hydrogen  ion  concentration  of  the  urine, 
or  rather  of  the  factors  which  control  the  hydrogen  ion  concentra- 
tion of  the  urine  (ingestion  of  water  may  do  so  by  inducing  a 
secretion  of  gastric  juice  (Bergeim,  Rehfuss,  and  Hawk,  1914)) 
the  amount  of  ammonia  eliminated  will  be  increased. 
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STUDIES  OF  GAS  AND  ELECTROLYTE  EQUILIBRIA  IN 

THE  BLOOD. 

in.  THE  ALKALI-BINDING  AND  BUFFER  VALUES  OF  OXYHEMO- 
GLOBIN AND  REDUCED  HEMOGLOBIN, 

By  Donald  d.  van  slyke,  a.  baird  Hastings,  michael 

HEIDELBEROER,  and  JAMES  M.  NEILL. 
(From  the  Hospital  of  The  Rockefeller  Institute  for  Medical  Research.) 

(Received  for  publication,  July  22,  1922.) 

The  general  problem  of  which  the  present  paper  attempts  to 
solve   a  portion  has  been    outlined  in  the  first  of  these  studies 
(O  .      The  objects  of  the  present  work  have  been  to  determine 
Quantitatively,  on  solutions  of  hemoglobin  free  from  other  pro- 
teins, the  following  data. 

^  -    The  amounts  of  base  bound  by  oxyhemoglobin  and  reduced 
"^'^loglobin,  respectively,  at  normal  blood  pH. 

^-    The  changes  in  the  base  bound  by  oxyhemoglobin  and  re- 

^^^d  hemoglobin  with  changing  pH  (the  buffer  value,   7~~77  in 

°*    ^ense  outlined  by  Van  Slyke  (2)). 

^-     The  nature  of  the  curve  relating  oxygen  increase  to  the  in- 
^«c^e  in  base  bound  at  constant  pH  that  occurs  as  reduced  hemo- 
^^■"^An  adds  varying  amounts  of  oxygen. 

,  .     ~*^lie  unsatisfactory  state  of  the  present  knowledge  of  the  base- 
^^iing  and  buffer  values  of  hemoglobin  may  be  seen  by  referring 
l^xevious  theoretical  papers  (2,  3)  in  which  data  for  only  the 
^jSthest  approximate  estimations  were  found  available. 

le  increase  in  blood  of  the  CCVreplacing  power  (which  is 

^valent  to  increase  in  base-binding    power)   of  hemoglobin 

***>xi  changed  from  the  reduced  to    the  oxygenated  form  was 

Sc^overed  by  Christiansen,  Douglas,  and  Haldane   (4)  and  its 

P*1^ biological  significance  in  the  C02-carrying  power  of  the  blood 

^as   clearly  pointed  out.    These  authors  published  a  single  pair 

°*  ovirves,  one  of  oxygenated,  the  other  of  reduced  blood,  obtained 
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by  saturating  samples  of  blood  drawn  at  different  times  from  the 
same  individual.  The  blood  was  analyzed  by  methods  which,  as 
pointed  out  in  our  first  paper  (1),  like  those  used  by  ourselves 
until  the  requirements  of  the  present  work  forced  the  develop- 
ment of  refinements,  were  adequate  only  to  give  approximate 
knowledge  of  the  magnitude  of  the  changes  involving  as  a  maximum 
6  or  7  volumes  per  cent  of  CO2.  Up  to  the  present  the  single  pair 
of  curves,  published  by  Christiansen,  Douglas,  and  Haldane 
and  a  similar  pair  published  by  Joffe  and  Poulton  (5)  have  remained 
almost  the  entire  experimental  basis  of  knowledge  concerning  the 
mutual  effects  of  oxygen  and  carbon  dioxide  tensions  in  the  blood. 

Concerning  the  nature  of  the  intermediate  relationships  (i.e. 
whether  the  first  portion  of  oxygen  taken  up  by  reduced  hemo- 
globin has  more  or  less  effect  on  its  base-binding  power  than  the 
last  portion),  Christiansen,  Douglas,  and  Haldane  have  tacitly 
assumed,  in  their  calculations  explaining  the  physiological  signifi- 
cance of  the  phenomenon,  that  the  change  is  a  linear  one,  the  first 
portion  of  oxygen  taken  up  having  the  same  relative  effect  in 
CO2  replacement  as  the  last.  The  same  assumption  has  been 
made  by  L.  J.  Henderson  (6),  Van  Slyke  (3),  and  Peters,  Barr, 
and  Rule  (7),  although  admittedly  without  experimental  basis. 

The  assumption  is  in  fact  an  essential  part  of  Henderson's 
theory  explaining  the  O2-CO2  effect  on  hemoglobin  by  assuming 
that  the  oxygenated  form  is  an  acid,  HHMX,  with  a  greater  dis- 
sociation constant  than  the  reduced  form,  HHb.  If  this  is  the  case 
the  proportion  of  alkali  bound  by  each  form  is,  at  a  given  pH, 

fixed   in   accordance  with  the  equation  H+  =  K'o  rniruA  1  an(^ 

THHbl 
H+  =  K'R  rpTjvj;  K0  and  KR  representing  the  dissociation  con- 
stants of  the  carboxyl  groups  of  oxygenated  and  reduced  hemo- 
globin affected  by  the  change  in  oxygenation.  Under  these 
conditions,  at  a  given  pH,  the  alkali  bound  by  hemoglobin  would 
change  in  exact  proportion  to  the  oxygen  taken  up,  the  ratio 

dB 
Hrm>n  1  a^  a  8*ven  P^  being  constant. 

The  data  in  the  present  paper  confirm  the  above  assumptions  as 
to  the  straight  line  form  of  the  curve  relating  changes  in  oxygen  to 
changes  in  base  bound  by  hemoglobin. 
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We  have  found  that  satisfactory  settlement  of  the  questions 
outlined  in  the  introduction,  but  especially  of  the  third,  demanded 
technique  of  a  different  order  of  accuracy  from  that  available  when 
the  problem  was  at  first  attempted.  Finally  with  the  develop- 
ment of  Heidelberger's  method  (8)  for  preparing  readily  and  in 
large  amounts  crystalline  hemoglobin  practically  electrolyte- 
free,  with  the  attainment  of  an  accuracy  of  about  1  part  in  500 
in  blood  gas  analyses  by  means  of  the  "constant  volume"  ap- 
paratus (9),  and  with  the  evolution  of  the  general  technique  for 
saturation  and  handling  of  blood  and  hemoglobin  solutions  out- 
lined in  the  first  paper,  especially  the  use  of  the  double-chambered 
tonometer  described  there  under  the  "first  saturation  method," 
our  technique  became  refined  in  the  necessary  points  to  such  a 
degree  that  reproducible  quantitative  results  could  be  obtained. 
It  will  be  seen  that  the  added  errors  of  manipulation  and  of  the 
three  analyses  involved,  viz.,  blood  02,  blood  C02,  and  C02  ten- 
sion in  the  final  gas  mixtures,  cause  deviations  on  the  average 
of  not  over  0.1  mM.  of  BHCO3  (0.2  volume  per  cent  of  C02), 
from  the  mean  linear  curve,  although  each  experiment  shows 
one  or  two  points  with  somewhat  wider  deviation. 

EXPERIMENTAL. 

The  hemoglobin  crystals  were  prepared  by  Heidelbergcr's 
(8)  method,  and  used  as  soon  as  possible  after  they  had  been  twice 
recrystallized.  They  were  dissolved  in  water  to  "which  NaOH  was 
added  to  make  the  Na  concentration  indicated  in  the  tables,  0.04  n 
in  Experiment  1,  0.03  n  in  Experiments  2,  3,  and  4.  It  will  be 
seen  from  the  table  headings  that  the  preparations  all  fell  some- 
what short  of  100  per  cent  of  their  theoretical  oxygen  capacity. 
This  is  not  due  to  admixture  of  other  substances,  but  to  the 
extreme  readiness  of  hemoglobin  to  tautomerize  in  some  manner 
and  lose  some  of  its  ability  to  bind  labile  oxygen.  If  dried, 
even  at  high  vacuum  and  in  the  cold,  hemoglobin  is  almost  com- 
pletely inactivated,  although  in  solubility  and  color  it  still  re- 
sembles oxyhemoglobin.  Slow  loss  of  activity  occurs  even  while 
standing  in  solution.  The  maximum  loss  in  our  preparations 
was  one-fifth  of  the  theoretical  oxygen  capacity.  There  is  no 
reason  to  expect  such  inactivation  of  part  of  the  hemoglobin  to 
affect  the  alteration  of  the  rest  in  base-binding  power  when  oxy- 
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gen  is  added  or  lost.  The  presence  of  inactive  hemoglobin  t 
our  preparations,  however,  increases  in  a  way*  discussed  latei 
the  limit  of  error  that  must  be  allowed  in  estimating  the  absolut 
amounts  of  base  bound  per  mol  of  oxyhemoglobin  and  reduce 
hemoglobin. 

The  hemoglobin  was  dissolved  to  make  about  the  same  coe 
centration  found  in  horse  blood,  about  7  mM.  (equivalent  to  1 
to  16  volumes  per  cent  of  oxygen  capacity),  and  the  amount  c 
alkali  added  was  such  that  the  system  at  physiologically  norms 
CO2  tensions  had  pH  values  within  physiological  limits. 

The  saturations  were  performed  at  38°  with  the  double  tonom 
eter  elsewhere  described  (1).  Usually  20  or  30  cc.  of  solution 
were  saturated  with  300  cc.  of  gas.  The  lower  chamber  of  th 
tonometer  was  filled  with  solution  and  clamped  off  from  th 
upper.  When  low  oxygen  tensions  were  desired  the  uppe 
chamber  was  evacuated  with  a  water  pump  and  washed  out  thre 
times  with  hydrogen  before  the  final  gas  mixture*  was  let  in 
After  20  minutes  saturation  the  gas  mixture  was  renewed,  ii 
order  to  make  certain  that  the  final  conditions  should  approxi 
mate  as  closely  as  possible  those  desired.  After  preliminary 
experiments  the  behavior  of  the  hemoglobin  was  known  wel 
enough  to  permit  rather  close  prediction  of  the  pH,  [BHCOi] 
and  [Hb02]  values  that  would  be  obtained. 

One  of  our  main  purposes  was  to  ascertain  the  change  in  alkal 
bound  when  the  oxygen  saturation  of  the  hemoglobin  was  varied 
the  pH  being  kept  constant.  It  was  impracticable  so  closely  to 
control  conditions  that  a  series  of  solutions  with  varying  oxygei 
and  C02  tensions  should  all  be  brought  to  exactly  the  same  pH 
although  it  could  be  approximated.  Having  determined  tb 
base  bound  by  the  hemoglobin  at  the  pH  obtained,  say  7.2 
instead  of  a  desired  7.30,  the  base  bound  at  7.30  was  estimate* 
by  extrapolation.  This  was  performed  by  determining  the  slop 
of  the  B,  pH  line  (B  representing  the  total  base  bound  by  hemo 
globin),  by  means  of  several  points  on  completely  oxygenate* 
solutions  with  varying  CO2  tensions.  The  slope,  as  shown  in  th 
following  paper,  increases  with  increasing  oxygenation,  but  th 
change  is  small  enough  to  permit  neglecting  it  for  short  distanc 
extrapolations.  Consequently,  lines  were  drawn  through  th 
reduced  and  intermediate  points  parallel  to  the  line  on  whic! 
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the  oxygenated  points  lay,  and  the  intersections  of  these  lines 
witH  the  desired  pH  line  were  used  to  estimate  the  base  bound 
at  that  pH  by  hemoglobin  oxygenated  to  the  extent  ascertained. 
Examples  of  this  mode  of  extrapolation  are  seen  in  Figs.  2a,  3a, 
and    4a. 

From  the  base  bound  by  hemoglobin  thus  ascertained  at  a 
given  pH  with  varying  degrees  of  oxygen  saturation  a  curve  was 
drawn  showing  the  relation  of  oxygen  content  to  the  base  bound 
at  the  given  pH  (Figs.  2b,  3b,  4b). 

The  CO2  tensions  were  determined  as  described  in  connection 
with  the  saturation  method  (1)  by  analysis  by  Haldane's  method 
°f  the  separated  gases  in  the  upper  chamber. 

The  CO21  contents  of  the  solutions  were  determined  by  means 

°f   the  "constant  volume"  apparatus  (9).    The  apparatus  used 

«aci   a  total  volume  of  100  cc.    The  gas  was  measured  at  5  cc. 

v°lume,  which  could  be  read  with  an  error  not  exceeding  1  part 

P^r   1,000.     Samples  of  either  2  or  3  cc.  of  solutions  were  taken, 

ar*d    the  changes  in  pressure  read  were  in  the  neighborhood  of 

IOO  to  160  mm.  with  2  cc,  and  150  to  240  mm.  with  3  cc.  samples. 

.^he    accuracy  with  which  duplicates  could  be  obtained  may  be 

lllcJicated  by  the  following  series,  obtained  in  the  course  of  Ex- 

J-^^iment  3  by  Neill.     Expressed  in  millimols  of  total  C02  the 

resxxlts  were: 

Saturation  1,  15.40  and  15.31;  Saturation  2,  20.17  and  20.12 
S^tviration  3,  22.54  and  22.47;  Saturation  4,  22.07  and  22.02 
S**t.\i ration  5,  19.12  and  19.10;  Saturation  6,  19.10  and  19.08 
Saturation  7,  18.80  and  18.70;  Saturation  8,  18.93,  18.73,  and 
l8-76;  Saturation  9,  21.50  and  21.45;  and  Saturation  10,  21.07 
ax*cl  21.11.  In  the  above  series  2  cc.  samples  were  used.  When 
^F^licates  failed  to  agree  within  0.1  mM.  as  in  Saturation  8, 
a  t-lxird  sample  was  analyzed.  Excluding  the  one  obviously 
*aUlt\y  first  analysis  of  No.  8,  the  average  difference  between 
d^F>licates  was  0.05  mM.  Later  when  3  cc.  samples  were  used, 
tue  Average  error  fell  to  0.03  mM.  which  is  about  1  part  in  500  of 
tJle     "values  determined. 

™or  the  oxygen  determination  in  the  solutions  an  apparatus 

^it>x    a  total  volume  of  50  cc.  was  used.    The  pressures  were 

^^•sured  with  the  gas  volume  at  2.0  cc.  for  oxygenated  blood,  and' 

fl^O.5  cc.  for  blood  near  complete  reduction.    The  oxygen  was  de- 
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termined  from  the  change  in  pressure  before  and  after  absorptio 
with  pyrogailol.  The  maximum  deviation  of  duplicates  accepte 
was  0.1  mM.,  but  analyses  were  usually  repeated  if  0.05  mm.  wf 
exceeded. 

The  maximum  difference  accepted  in  the  duplicate  Haldar 
analyses  of  the  gas  phase  was  0.04  per  cent. 

If  the  difference  between  duplicates  exceeded  the  values  ii 
dicated  as  acceptable,  and  other  analyses  could  not  be  done,  tl 
results  of  both  duplicates  are  given  in  the  table. 

In  calculating  pH,  if  an  error  of  1  part  per  100  occurred  in  tl 
Haldane  determination  of  the  CO2  tension  in  the  gas  and  of 
part  per  200  in  the  C02  determination  in  the  solution,  and  bot 
errors  were  in  the  opposite  direction,  their  combined  effect  c 
the  pH  would  be  a  change  of  0.007,  which  may  be  taken  as  tl 
maximum  error  assignable  to  the  estimations  of  pH  change 
Our  curves  indicate  that  the  actual  error  was  usually  less. 

The  sets  of  analyses  in  each  table  are  numbered  in  the  ord< 
in  which  the  solutions  were  saturated. 

Symbols    Used. 

The  following,  for  the  most  part  already  familiar,  symbo 
are  used.  [BHCO3],  [H2C08],  [C02]  for  concentration  of  NaHCO 
HjCOj,  and  total  C02,  respectively,  in  the  solutions;  [02]  for  tl 
total  oxygen  concentration;  [Hb02]  for  the  concentration  < 
oxygen  combined  with  hemoglobin;  [Hb]  for  the  concentratio 
of  reduced  hemoglobin;  C  for  the  concentration  of  total  hem< 
globin  in  all  forms;  [BHb02]  and  fBHb]  for  concentrations  < 
univalent  base  bound  by  oxyhemoglobin  and  reduced  hemoglobii 
respectively;  B  for  the  total  base  bound  in  both  forms.  A 
these  concentrations  are  expressed  in  millimolar  (mM.)  term! 
the  molecular  concentrations  of  C,  Hb02,  and  Hb  being  take 
equal  to  that  of  the  maximum  oxygen  with  which  the  hemoglobi 
is  combined  or  could  combine. 

The  carbon  dioxide  and  oxygen  tensions  in  mm.  of  mercur 
are  expressed  as  p0    and  pCOj. 

The  molecular  buffer  values  of  oxyhemoglobin  and  reduce 
hemoglobin  are  indicated  as  /30  and  0R,  respectively. 
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The  value  calculated  for  the  molecular  buffer  effect  is  inde- 
pendent of  the  concentration  unit  used,  as  long  as  the  same  unit 

dB 
is   used  for  both  B  and  C  in  the  ratio  .     In  this  paper  we 

CdpH 

Have  for  convenience  expressed  concentrations  in  inillimolecular 

instead  of  molecular  units,  but  the  0O  values  are  the  same  as 

when  m  is  the  unit  of  concentration.    This  is  not,  of  course,  true 

of  the  7—  ratio,  which  when  expressed  in  millimolar  terms,  as 
dpH 

ln  this  paper,  is  1,000  times  as  great  as  when  expressed  as  molar 

dB 
**nita.     A  — -  blood  value  of  20  in  this  paper  therefore  corre- 

dpH 

sponds  to  one  of  0.020  in  Van  Slyke's  paper  on  buffers  (2). 

Calculations. 

The  calculation  of  [BHCO3]  from  the  total  [C02]  and  the  pCOj 

w^s  according  to  Formula  2,  of  Table  IV,  of  our  first  paper  (1). 
The   calculation  of  pH  from  CO2  and  pCOj  was  made  according 

to  Formula  3  of  the  same  table.  The  total  base  bound  by  hemo- 
^obin,  [BHb02]  +  [BHb],  was  obtained  by  subtracting  the 
l^HCOa]  from  the  total  base  added.  For  example,  in  Table 
IrI,  the  total  base  added  was  30.00  mM.  The  [BHCO3]  in 
^°lu.t;ion  1  was  14.49.  Hence  the  remainder  of  base,  bound 
y  "fclie  hemoglobin  (since  no  other  acids  were  present),  was 
30.00  -  14.49  =  15.51. 

Constants. 

Ilie  value  of  pK'  in  the  equation  pH  =  pK'  +  log  ' 

IH2CO3J 

ras     determined  experimental!}'  on  several  hemoglobin  solutions 

®y    cietermining  in  reduced  solutions  the  [H2CO3]  and   [BHCO3] 

*s   above  described,  and  the  pH  electrometrically.    The  results 

6^v^ri  in  Table  V,  indicate,  as  the  average  value,  pK'  =  6.18. 

Tlie  solubility  coefficient  for  C02,  <*COi  =  0.531  (given  in  Table 

^>  fii'st  paper  (1)),  was  estimated  as  follows:  Blood,  plasma,  and 

kfcirxoglobin  were   acidified  to  pH  4.3  with  HC1  and  the  C02 

content  was  determined  after  saturating  with  pure  C02  at  atmos- 
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pheric  tension.  The  determinations  were  made  on  5  cc.  samples, 
which  were  transferred  to  the  constant  volume  apparatus  without 
exposure  to  air.  The  error  was  about  1  part  in  500,  and  we 
obtained  theoretical  results  for  aCCh  in  pure  water.    For  blood 

and    plasma  we   found   at   38p  aCOj  values   0.501   and    0.531, 

respectively.    Each  was  0.10  below  Bohr's  (10)  estimate  made  on 

TABLE  I. 

Crystalline  Horse  Hemoglobin  No.  5. 

Total  hemoglobin  content  of  solution 7.97    mil.  Colorimetric. 

Oxygen  capacity  of  solution 6.89     " 

Oxygen  capacity 0g54 

Total  hemoglobin  content 

Conductivity  of  saturated  HbOt  solution  in  Hi0..4.3  X  10~*  mhos. 

Concentration  of  NaHCOi  added  to  solution 40  mic. 

Equilibration  Data. 


No. 

PfcOj 

Total  [COi]. 

[BHCOi] 

|BHbO»] 

PH 

mm. 

mu. 

mu. 

fflll. 

1 

23.3 

20.75 

20.02 

19.98 

7.541 

2 

26.3 

21.40 

20.58 

19.42 

7.50 

3 

31.0 

22.58 

21.61 

18.39 

7.45 

4 

42.4 

24.87 

23.55 

16.45 

7.35 

5 

41.6 

24.80 

23.50 

16.50 

7.358 

6 

46.4 

25.66 

24.21 

15.79 

7.325 

7 

54.1 

26.95 

25.27 

14.73 

7.276 

8 

55.9 

27.31 

25.57 

14.43 

7.268 

9 

61.1 

28.00 

26.10 

13.90 

7.237 

10 

101.0 

32.17 

29.03 

10.97 

7.066 

the  assumption  that  hydrogen  and  CO*  have  the  same  relative 
solubilities  in  blood  as  in  water.  We  have  reason  to  believe  that 
Bohr's  estimate  was  close,  and  that  our  method,  perhaps  because 
of  hydration  of  the  acidified  proteins,  gives  slightly  too  low  re- 
sults. With  7  mM.  hemoglobin  plus  NaOH  to  0.03  n  concentra- 
tion we  found  by  our  method   an  aCOt  of  0.521.    Adding  the 

0.10  correction,  apparently  inherent  in  our  method,  gives  0.531. 
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EXPLANATION   OF   FIGURES. 


In  Figs.  1,  2a,  3a,  and  4a  the  relations  between  pH  and  base 
B  bound  by  oxyhemoglobin  arc  shown  in  each  case  by  the  slope 
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Fig.  1.  Frc 
calculated  as  23.0,  and  ft>  as  2.5! 


of  the  line  through  the  three  or  more  points  representing  oxy- 
genated solutions.    The  molecular  buffer  effect  0O  is  calculated 

as  _.  TT,  whore  -r-rr  is  the  slope  of  the  line  through  the  oxy- 
CdpH  dpH 
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genated  points,  and  C  is  the  concentration  of  hemoglobin  in  the 
solution. 

In  Figs.  2a,  3a,  and  4a  the  effect  of  varying  degrees  of  oxygena- 
tion on  the  base  bound  by  hemoglobin  at  constant  pH  is  shown 
by  the  levels  at  which  lines  through  points  representing  oxygen- 
ated, reduced,  and  partially  reduced  solutions  cut  a  given  pH 

TABLE  II. 

Crystalline  Horse  Hemoglobin  No.  7. 

Total  hemoglobin  content  of  solution 6.71    mu.  Colorimetric. 

7.13     "     Kjeldahl. 

6.92     "     Mean. 

Oxygen  capacity  of  solution 5.50 

Oxygen  capacity 


u 


0.795 

Total  hemoglobin  content 

Conductivity  of  saturated  HbOi  solution  in  Hi0..3.8  X  10"*  mhos. 

Concentration  of  NaOH  added  to  solution 30  mu. 

Equilibration  Data. 


No. 


1 

2 

3 

5* 

6 


S 
*9 


*• 

o 
a 

"•7 

q 
3 

o 

o 

X 

0 

• 

8 

"3 
■** 
o 

8 

X 

2 

X 

+ 

.0 
X 
« 

X 

a 

mm. 

I7IM. 

mu. 

mm. 

mu. 

mM. 

mu. 

143.1 

5.52 

5.33 

29.5 

16.20 

15.28 

14.72 

7.403] 

137.5 

5.25 

5.07 

57.3 

20.72 

18.94 

11.06 

7.207} 

131.8 

5.18 

5.01 

84.3 

24.01 

21.39 

8.61 

7.092] 

10.0 

1.74 

1.73 

43.7 

20.48 

19.12 

10.88 

7.328 

20.0 

3.08 

3.05 

44.1 

20.13 

18.75 

11.25 

7.315 

34.5 

4.12 

4.08 

45.0 

19.55 

18.15 

11.85 

7.292 

19.66 

18.26 

11.74 

7.295 

2S.4 

3.86 

3.83 

57.4 

21.55 

19.76 

10.34 

7.224 

5.7 

1.05 

1.04 

43.2 

20.78 

19.43 

10.57 

7.340 

2 

5  • 
fig 

JD  ft 

EC** 
PQ 


mil. 


12.80 


10. 
10. 
11.9 


*  No.  4  was  lost. 

line.    The  values  indicated  by  these  intersections  are  given  i 
the  last  columns  of  Tables  II,  III,  and  IV. 

In  Figs.  2b,  3b,  and  4b,  the  amounts  of  base  indicated  by  the 
above  described  intersections  are  plotted  against  amounts  o 
oxygen  combined  with  the  hemoglobin.  The  curves  in  all  thre* 
cases  are  straight  lines.    The  values  of  the  molecular  incremen 
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of  base  added  by  the  hemoglobin  at  the  given  pH  per  molecular 

.    ,  dB 

increment  of  oxvgen  are  indicated  as   .,..,  „  ,- 
d[HbOj] 
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Flo.  2  a.  From  the  line  through  the  oxygenated  points  1,  2,  and  3,  -j-=j 

is  calculated  as  18.4.  anil  So  ft8  2.66. 

Intersections  of  lines  through  the  other  points  with  the  pH  7.30  line 
indicate  effects  of  varying  decrees  of  reduction  in  lowering  the  amount  of 
banc  bound  by  the  hemoglobin. 

The  numbers  near  the  points  indicate  the  data  in  Table  tl  from  which 
they  are  taken.  In  the  last  column  of  the  table  the  amounts  of  base  indi- 
cated by  the  intersections  on  the  pfl  7.30  line  arc  given. 

DISCUSSION    OF    RESULTS. 

It  is  convenient  to  discuss  here  in  their  reverse  order  the  three 
questions  put  at  the  beginning  of  this  paper. 
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The  Nature  of  the  Curve  Relating  Increment  of  Oxygen  Bound  t 
Increment  of  Base  Bound  by  Hemoglobin  at  Constant  pH. 

As  shown  by  Figs.  2b,  3b,  and  4b,  the  -  -  curve  is  a  straigt 

d[HbOj] 


Fi 

*2b. 

Eq.IE 
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r-TT  12 

A 

... 

p. 

r 

b 

X 

X  ■■ 

Al   - 

H7.3 

0 

'■■< 

1 

=  Di 

4 

:■.,'. 

mM.[HDOi] 

Flo.  2  b.  Amounts  of  base  bound  by  hemoglobin  at  pH  7.30  comj 
with  amounts  of  oxygen  bound.    Data  from  Table  II  and  Fig.  2  a. 

From  the  slope  of  the  line,  is  calculated  as  0.74. 


The  Buffer  Value  of  Oxyhemoglobin  over  the  Physiological  pH  I 
and  the  Indicated  Minimum  Number  of  Monovalent  Acid 
Groups  Active  as  Buffers  at  That  Range. 

a.  Oxyhemoglobin.— By  Figs.  1,  2a,  3a,  and  4a  the  B,  pi 
for  oxygenated  hemoglobin  solutions  are  shown  to  be  straig 
at  least  the  range  pH  7.2  to  7.5.  The  values  of  the  m 
buffer  ratios  were  (3    =  2.58,  2.66,  2.68,  and  2.63,  average  2 
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It  has  been  previously  shown  (2)  that  the  maximum  molecu- 
lar buffer  value,  0M,  of  one  monovalent  acid  group  is  0.575.    The 

minimum  number  of  acid  groups  in  a  polyvalent  acid  that  are 
acting  as  buffers  at  a  given  pH  is  therefore  indicated  by  dividing 

TABLE  III. 

Crystalline  Horse  Hemoglobin  No.  11. 

Total  hemoglobin  content  of  solution 7.73    mil,  Colorimetric. 

7.54     "     Kjeldahl. 
7.64     "     Mean. 

oxygen  capacity  of  solution 7.13     " 

rxygcn  capacity 0Q33 

Total  hemoglobin  content 

onductivity  of  saturated  HbOa  solution  in  H30..3.8  X  10"*  mhos. 
^  oncentration  of  NaOH  added  to  solution 30  mil. 

Equilibration  Data. 


:n<>. 


1 
2 


4 
5 
6 

7 

8 

9 

10 


s 

a 

• 

q 

3 

o 

2 

o 

• 
— 

o 
o 

3 

o 

X 

M 

2 

w 

+ 

X 

« 

X 

a 

tntn. 

mu. 

fflM. 

tntn. 

fflH. 

mil. 

tom. 

144.2 

7.13 

6.94 

28.0 

15.36 

14.49 

15.51 

7.401] 

138.7 

7.18 

7.00 

55.0 

20.15 

18.44 

11.56 

7.212 

55.8 

18.41 

11.59 

7.205[ 

135.0 

6.96 

6.78 

72.9 

22.51 

20.24 

9.76 

7.130 

73.4 

20.23 

9.77 

7.127 

3.2 

0.60 

0.60 

48.9 

22.05 

20.53 

9.47 

7.310 

14.8 

3.10 
4.51 

3.08 

4.48 

38.6 

19.11 

17.19 

12.09 

7.354 

22.6 

4.74 

4.71 

42.9 

19.09 

17.75 

12.25 

7.304 

20.1 

3.99 

3.96 

39.6 

18.75 

17.52 

12.48 

7.333 

23.9 

4.77 

4.74 

41.5 

18.75 

17.46 

12.54 

7.311 

4.2 

0.84 

0.83 

45.9 

21.48 

20.05 

9.95 

7.327 

8.8 

1.54 

1.53 

45.9 

21.09 

19.66 

10.34 

7.319 

X  . 
js  ft 


mil. 


13.63 


9.47 
11.15 

12.35 
12.00 
12.50 
9.57 
10.12 


^ie  observed  B    value  by  0.575.    If  we  do  this  with  oxyhemo- 


globin we  obtain 


2.64 
0.575 


=  4.6.    It  is  evident  that  at  least  five 


Vmffer  groups  in  the  hemoglobin  molecule  are  active  over  this 
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By  "active"  is  meant  that  they  are  partially,  but  only  partially, 
combined  with  alkali.  The  maximum  buffer  effect  is  exerted 
when  a  buffer  acid  is  combined  with  half  an  equivalent  of  base 
(2).  If  there  were  five  groups,  each  exerting  maximum  buffer 
value  at  a  given  pH,  they  would  bind  altogether  2.5  molecules 


Fio.  3  a.  From  the  line  through  the  oxygenated  points  1,  2,  and  3, 


dB 
dpH 


is  calculated  as  20.2,  and  8»  as  2.68. 

Intersections  of  lines  through  the  other  points  with  the  pH  7.31  line 
indicate  effects  of  varying  degrees  of  reduction  in  lowering  the  amount  of 
base  bound  by  the  hemoglobin. 

The  numbera  near  the  points  indicate  the  data  in  Table  III  from  which 
they  are  taken.  In  the  last  column  of  the  table  the  amounts  of  base  indi- 
cated by  the  intersections  on  the  pH  7.31  line  are  given. 
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of  univalent  alkali.  As  a  matter  of  fact  it  will  be  shown  that 
at  pH  7.4  oxyhemoglobin  does  bind  2.1  equivalents  of  alkali. 
So  it  seems  fairly  probable  that  six  or  seven  acid  groups  may  be 
acting.  That  there  are  less  than  five  is  excluded.  It  is  obvious 
that  with  the  alkali  distributed  among  five  or  more  acid  groups 
in  the  hemoglobin  molecule  it  is  impossible  to  calculate  a  single 
dissociation  constant  in  the  manner  applicable  to  a  monovalent 
acid. 
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Flo.  3  b.  Amount  of  base  bound  by  hemoglobin  at  pH  7.31  compared 
with  amounts  of  oxygen  bound.    Data  from  Table  III  and  Fig.  3  a. 


b.  Buffer  Value  of  Reduced  Hemoglobin. — Because  of  an  in- 
terruption which  will  prevent  resumption  of  our  experiments 
for  several  months,  we  are  publishing  our  other  data  before  the 

dB 
direct  determination  of  the  value  of  0R,  from  the  slope  of  the  T~r~ 

line  in  reduced  solution  of  crystallized  hemoglobin,  has  been  com- 
pleted.    In  Table  VIII  of  the  accompanying  paper  (11),  however, 
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we  have  estimated,  from  accurately  determined  differences  between 
the  buffer  value  of  blood  in  the  oxygenated  and  reduced  conditions, 
respectively,  that  if  0O  is  2.64  as  determined  in  this  paper,  0R  is  2.45. 

TABLE  IV. 
Crystalline  Horse  Hemoglobin  No.  14. 

Total  hemoglobin  content  of  solution 7.25    mM.  Colorimetric. 

7.54     "     Kjeldahl. 

7.40     "     Mean. 

Oxygen  capacity  of  solution 6.37     " 

Oxygen  capacity Q^dQ 

Total  hemoglobin  content 

Conductivity  of  saturated  IlbOi  solution  in  H»0.  .3.9  X  10"*  mhos. 

Concentration  of  NaOH  added  to  solution 30  mil. 

Equilibration  Data. 


2 

2 

8 

x  . 

"  m 
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«5 

No. 

0 
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0 

+ 

IPS 

8 

a 

1 

0 
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«— « 

0 

0 

W 
go 

JO 

A 

left 

mm. 

mM. 

mvi. 

mm. 

mM. 

IflM. 

mM. 

mM. 

1 

137.6 

30.3 

17.66 

16.72 

13.28 

7.428) 

2 

134.6 

6.26 

6.08 

31.9 

17.95 

16.96 

13.04 

7.413[ 

13.18 

3 

143.9 

6.22 

6.03 

60.7 

22.58 

20.69 

9.31 

7.220J 

4 

34.4 

5.68 

5.63 

33.5 

18.44 

17.40 

12.60 

7.403 

12.90 

5 

10.6 

2.77 

2.76 

36.9 

20.47 

19.32 

10.68 

7.406 

10.92 

6 

2.8 

0.60 

0.60 

37.0 

21.67 
21.78 

20.52 
20.63 

9.48 
9.37 

7.431 
7.433 

9.21 

7 

22.1 

4.87 

4.85 

33.2 

18.70 

17.67 

12.33 

7.433 

11.95 

18.87 

17.84 

12.16 

7.437 

The  Base  Bound  by  Oxyhemoglobin  and  Reduced  Hemoglobin  at 

pH  74. 

Oxyhemoglobin. — If  we  take  the  intersections  with  thei  pH 
7.4  line,  of  the  lines  indicating  base  bound  as  BHbOs  and  pass- 
ing through  the  completely  oxygenated  points  on  Figs.  1,  2a, 
3a,  and  4a,  we  find  that  the  amounts  of  alkali  bound  have  the 
values  indicated  in  Table  VI,  the  average  being  2.09  atoms  of 
Na  bound  by  1  molecule  of  oxyhemoglobin. 


Van  Slyke,  Hastings,  Heidelberger,  Neill     497 


To  the  data  taken  from  previous  tables  wc  have  added  those 
from  two  experiments  with  Preparations  6  and  10,  which  have 
not  been  reported  in  detail,  because  determinations  of  points 
of  partial  oxygenation  were  lacking.    The  percentages  of  hemo- 


Crjysl  (ei**  Hb*k 

//i/ 

f- 

/3o^J63_;            //   / 

¥ 

/ 

\-      {-'■    $J/\/\t 

}_ 

■  W'/'7- 

J 

YMft/ 

3 

i/  <  -/■ 

x  ■ 

- 

pl! 

dB 

Fiii.  4  a.  From  the  line  through  the  oxygenated  points  1,  2,  and  3,  -— - 

ia  calculated  as  19.3,  and  So  as  2.83. 

Intersections  of  lines  through  the  other  points  with  the  pH  7.42  line 
indicate  effects  of  varying  degrees  of  reduction  in  lowering  the  amount  of 
base  bound  by  the  hemoglobin. 

The  numbers  near  the  points  indicate  the  data  in  Table  IV  from  which 
they  are  taken.  In  the  last  column  of  the  table  the  amounts  of  base 
indicated  by  the  intersections  on  the  pH  7.42  line  are  given. 

globin  capable  of  binding  oxygen  in  thcBe  preparations  were  97  and 
92,  respectively. 

It  is  probable  that  in  Experiment  4  less  alkali  was  added  than 
was  estimated.     This  error  would  not  affect  the  determination 

of  pH  or  80  or  of  the  line,  since  these  are  all  based  on 

d[HbOj] 


498  Base  Bound  by  Hemoglobin 

differences  in  [BHCO»l  and  not  on  absolute  values.  It  woul*^-- 
invalidate  calculations  of  the  [BHbO*]  value,  however,  and  w»""^ 
have  left  this  determination  out  in  averaging  the  results. 

Reduced  Hemoglobin. — In  Figs.  2b,  3b,  and  4b  the  height  ok*^ 
the  B,  (HbOj]  lines  at  the  abscissa  representing  complete  reduc— — 
tion  ([HbOj]  =  0)  indicates  the  amounts  of  base  bound  by  the^ 
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Fig.  4  b.  Amounta  of  baae  bound  by  hemoglobin  at  pH  7.42  compared 
with  amounta  of  oxygen  bound.    Data  from  Table  IV  and  Fig.  4  a. 


completely  reduced  hemoglobin.  From  the  values  thus  found, 
in  Figs.  2b,  3b,  4b,  and  similar  figures  representing  data  obtained 
from  Preparations  6  and  10,  the  results  in  Table  VII  as  "Na 
bound  per  mol  Hb"  are  calculated.  From  these  figures  the  data 
in  the  last  column  of  Table  VII,  at  pH  7.4,  for  comparison  with 
the  results  in  Table  VI,  are  calculated. 
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TABLE  V. 
Summary  of  Experiments  to  Determine  pK'  of  Hemoglobin  Solutions. 

Technique: 
Double  tonometer   "First   equilibration  method."     Double   satu- 
ration. 
Saturation  at  38°  with  H2  +  CO*. 
Gas  phase  analyzed  in  Haldane  apparatus. 
Liquid  phase  analyzed  for  CO2. 

pH  of  liquid  phase  determined  electrometrically  at  38°  at  CO* 
tension  of  equilibration. 

Solution: 

Twice  recrystallized  HbOt  plus  NaOH  to  30  mai. 


Dr.te. 

Hb 
preparation. 

1 
t 

<** 

mm 

\ 
5 
0 

lib  conccn- 
ion. 

** 
0 
0 

O 

m 

8 

X 

m 

0 

• 

X 

a 

•c 

e 
P 

•n  c 
5  ° 
0  ** 
H 

fflU. 

9** 

0 

"3 

0 

roil. 

O 

X 

CO 
mil. 

1 

/.9f» 

fftM. 

fflM. 

May    5 

Horse    7 

30 

6.71 

52.2 

21  44 

19  81 

12.19 

1.086 

7.26 

6.17 

5 

"       7 

30 

6.71 

84.4  25.55 

22.92 

8.74 

0.941 

7.08 

6.14 

June    1 

"    11 

30 

7.13 

48.9 

22.05 

20.53 

13.50 

1.130 

7.31 

6.18 

"      16 

Dog     16 

30 

6.27 

38.3 

25.23 

24.05 

20.36 

1.309 

7.50 

6.19 

"      16 

"       16 

30 

6.27 

38.5 

25.52 

24.33 

20.48 

1.311 

7.50 

6.19 

Average 

6.18 

*  Electrometric  pH  determinations  are  based  on  0.1  n  HC1  assuming 
1 .090  as  its  pH  at  38°. 

TABLE  VI. 
Base  Bound  by  Oxyhemoglobin  at  pH  74* 


Experiment 
No. 

Preparation 
No. 

Total  hemo- 
globin content, 
C. 

Na  bound*  as 

Na  HhOi  at 

pH  7.4. 

Na  bound  per 

mol  hemoglobin 

f»tt>H 

„,     [NaHbOil 
iA  -         c 

a  calculated  — 
(Na  HbOtl 

7,4         2.64  C 

mil. 

mu. 

mol 

1 

5 

7.97 

17.23 

2.16 

6.58 

2 

7 

6.92 

14.80 

2.14 

6.59 

3 

11 

7.64 

15.53 

2.06 

6.62 

4 

14 

7.40 

12.80 

1.74 

6.74 

— 

6 

7.58 

15.60 

2.06 

6.62 

— 

10 

8.87 

18.20 

2.05 

6.62 

Average 

>t 

2.09 

6.61 

*  By  interpolation  on  line  connecting  oxygenated  points  of  Figs.  1, 
2a,  3a,  and  4a. 

t  Preparation  No.  14  left  out  of  average. 
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The  Difference  Between  the  Base  Bound  by  Reduced  and  by  Oxy- 
genated Hemoglobin. 

The  difference  between  the  average  equivalents  of  Na  bound 

per  molecule  of  oxygenated  and  reduced  hemoglobin  respectively 

is,  from  Tables  VI  and  VII,  2.09  -  1.51  =  0.58.    However,  the 

hemoglobin  preparations  used  were  on  the  average  capable  of 

taking  up  and  giving  off  only  0.85  molecule  of  O*.    So  that  the 

real  average  change  of  Na  per  mol  change  in  combined  Os  was 

0.58 
approximately  — —  =  0.68  equivalents  of  Xa. 

.  O.oO 

TABLE  VII, 
Base  Bound  by  Reduced  Hemoglobin. 


Experi- 
ment No. 

Prepara- 
tion No. 

Total 
hemo- 
globin 
content, 
C. 

pH 

Na  bound 
os[NaHb] 

atpH 
indicated. 

Na  bound 
per  mol  Hb 
[NaHb] 

C 

6  calculated 
as  —  pH 
[Na  Hbl 

2.45  C 

Na 

estimated  • 

bound  at 

pH7.40 

per  mol 

Hb. 

mu. 

mu. 

mol 

mol 

2 

7 

6.92 

7.30 

8.86 

1.28 

6.78 

1.52 

3 

11 

7.13 

7.31 

9.05 

1.27 

6.78 

1.49 

4 

14 

7.40 

7.42 

8.75 

1.18 

6.94 

1.13 

— 

6 

7.58 

7.35 

10.45 

1.38 

6.82 

:     1.50 

— 

10 

8.87 

7.30 

11.60 

1.31 

6.77 

;     1.55 

Averag 

ef 

6.79 

;      1.51 

*  Estimated  by  adding  2.45  (7.4  —  pH)  to  Na  bound  at  observed  pH. 
t  Preparation  No.  14  left  out  of  average. 


The  values  of  the  ratio 


dB 


determined  in  Experiments  2, 
d[Hb02] 

3,  and  4,  were  0.74,  0.69,  and  0.73,  respectively.  It  appears  that 
we  may  state  that  the  ratio  is  approximately  0.7  for  horse  hemo- 
globin. How  much  error  in  it  we  would  allow  for  is  not  yet  cer- 
tain. It  may  be  as  great  as  db  0.1,  but  is  probably  not  over  ± 
0.05.    We  hope  to  establish  it  more  accurately  later. 

The  presence  of  inactive  hemoglobin  in  our  preparations  widens 
the  margin  of  error  that  must  be  allowed  for  in  the  determination 
of  the  absolute  amounts  of  base  bound  per  molecule  of  oxygenated 
and  reduced  hemoglobin.  If  the  inactive  hemoglobin  has  the 
base-binding  power  of  oxyhemoglobin,  then  the  average  figure 
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2.09  given  in  Table  VI  is  correct,  but  this  figure  for  reduced Jiemo- 
giobin  should  be  lowered  by  about  0.1.  If,  however,  the  inactive 
hemoglobin  has  the  base-binding  power  of  reduced  hemoglobin, 
the  completely  oxygenated  preparation  must  bind  about  2.2 
equivalents  of  base.  The  preparation  of  entirely  inactive  hemo- 
globin and  the  determinations  of  its  base-binding  powers  are  re- 
quired to  settle  the  nature  of  the  correction  it  necessitates.  Until 
this  has  been  accomplished  we  must  make  allowance  for  the  mar- 
gin of  error  that  may  be  occasioned  in  the  figures  for  either 
oxygenated  or  reduced  hemoglobin.  Such  allowance  extends  the 
range  of  results  for  reduced  hemoglobin  from  1.55-1.49  to  1.55- 
1.39  (or  1.47  db  0.08  equivalents  of  base  per  molecule  of  hemo- 
globin). It  extends  the  range  of  results  for  oxyhemoglobin  from 
2.05-2.16  to  2.05-2.26,  or  2.15  =L  0.10  equivalents. 

The  Base  Bound  by  Oxyhemoglobin  at  Varying  pH. 

In  order  to  calculate  the  base  bound  by  oxyhemoglobin  at 

dB 

varying  pH  ranges  we  utilize  the  fact  that  the  buffer  ratio  — — 

is  constant  over  the  physiological  range,  and  has  a  value  of  2.64. 
This  means  that  as  oxyhemoglobin  combines  with  more  alkali 
the  pH  increases  at  a  constant  proportion,  the  change  being  at 
the  rate  of  1  pH  per  2.64  molecules  of  monovalent  base  (over  the 
limited  range,  pH  7.2  to  7.5  at  least).  Expressed  in  the  usual 
form  of  a  straight  line  equation,  we  have 

B  -  [BHbO,]  =  2.64  [HbO,]  (pH  -  a)  (1) 

where  a  is  the  pH  at  which  the  base  bound  would  become  zero, 

if  the  slope  — —  continued  unaltered  to  that  point.     If  the  -tTt 

dpH  dpH 

value  remained  absolutely  constant  up  to  that  point,  the  latter 
would  be  the  isoelectric  point  of  oxyhemoglobin.  As  a  matter  of 
fact  a  is  quite  close  to  this  point,  but  we  are  not  at  present  cer- 
tain how  close.  Consequently,  it  appears  better  to  designate 
the  extrapolated  point  merely  as  a,  rather  than  by  a  s3rmbol  which 
might  indicate  a  relation  to  the  exact  isoelectric  point.  The 
value  of  a,  found  by  solving  the  above  equation,  is 

[BHbO,] 
°-pH~   2.64  C  (2) 
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From, the  data  of  Table  VI  we  calculate  in  the  last  column  of  the 

table  that  the  value  of  a  lies  between  6.58  and  6.62,  the  average 

being  6.61.    However,  the  values  in  Table  VI  are  uncorrected  for 

the  inactive  hemoglobin.    The  average  corrected  value  at  pH  7.4 

B 
for  — ,  triz.  2.15,  gives  o  =  6.585. 

Similarly  we  could  estimate  from  points  of  known  pH  and  B 
the  value  of  b  in  the  similar  equation  for  reduced  hemoglobin, 

[BHb]  -  ft,  [Hb]  (pH  -  b)  (3) 

From  the  data  in  Paper  IV  of  this  series  (11),  0R  is  estimated 

FBHbl 
as  2.45.    From  the  average  value  of  — — ,  corrected  for  inactive 

hemoglobin,  biz.  1.47  at  pH  7.4,  we  obtain  by  calculation  analogous 
to  that  of  Equation  2,  a  value  of  6.80  for  b.  This  we  use  instead 
of  the  uncorrected  average  value  of  6.79  given  in  Table  VII. 

[BHb]  =  2.45  [Hb]  (pH  -  6.80)  (4) 

Finally,  by  combining  Equations  1  and  4  we  obtain  an  ex- 
pression relating  the  total  base  bound  by  hemoglobin  to  the  pH 
and  the  per  cent  of  oxygen  saturation.  Expressing  the  total 
base  [BHb02]  +  [BHb]  as  B,  we  have,  by  addition  of  Equations  1 
and  4,  Equation  5,  which  indicates  the  relationships  of  all  three 
variables. 

B  -  2.64  [HbO,]  (pH  -  6.585)  +  2.45  [Hb]  (pH  -  6.80)  (5) 

By  substituting  C  —  [HbOs]  for  [Hb]  we  may  solve  Equation  5 
in  terms  of  [Hb02]  as 

B  -  2.45  C  (pH  -  6.80)  +  (0.19  pH  -  0.72)  [HbOa]  (6) 

Table  VIII  contains  a  comparison  of  observed  and  calculated 
values  for  [BHb]  +  [BHbOJ,  the  "observed"  being  taken  from 
the  tables,  the  "calculated"  being  calculated  by  Equation  6. 
In  making  the  calculations  the  inactive  hemoglobin  was  calcu- 
lated as  Hb02.  How  much  the  observed  deviation  of  about 
1.0  mM.  in  No.  3  is  due  to  error  from  this  assumption  is  uncertain. 
The  deviation  in  No.  4  is  due  to  the  fact,  stated  before,  that 
almost  certainly  3  mM.  more  alkali  were  added  in  the  experiment 
than  was  intended. 
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In  Equation  6  the  term  2.45  C  (pH  —  6.80)  represents  the 
base  that  would  be  bound  if  all  the  hemoglobin  were  reduced, 
while  the  term  (0.19  pH  -  0.72)  [Hb02]  represents  the  addi- 
tional amount  of  base  combined  at  the  observed  pH  as  the  result 
of  oxygenation  of  part  of  the  hemoglobin,  the  coefficient  (0.19 

dR 
pH  —  0.72)  representing  irTT_  ^    *    This  amount  in  equivalents 

d[Hb02] 

of  base  added  per  mol  of  oxygen  is,  according  to  the  results  in  the 

present  paper,  about  0.7  at  pH  7.4.     Calculated  as  0.19  pH  — 

0.7,  it  is  0.67  at  pH  7.30,  0.69  at  pH  7.40,  0.71  at  pH  7.50. 


TABLE  VIII. 


Comparison  of  Observed  and  Calculated  [BHbOi]  +  [BHb]  Values. 


Experiment 

Table  I. 

Table  II. 

Table  III. 

— t — 

Table  IV. 

No. 

Calcu- 
lated. 

Ob- 
wrved. 

Calcu- 
lated. 

Ob- 
served. 

Calcu- 
lated. 

Ob- 
served. 

Calcu- 
lated. 

Ob- 
served. 

1 

20.1 

20.0 

14.9 

14.7 

15.9 

15.5 

16.3 

13.3 

.       2 

19.2 

19.4 

11.2 

11.1 

12.4 

11.6 

15.9 

13.0 

3 

18.2 

18.4 

-    9.0 

8.6 

10.8 

9.8 

10.9 

9.3 

4 

15.9 

16.4 

10.3 

9.5 

15.4 

12.6 

5 

15.8 

16.5 

10.8 

10.9 

12. S 

12.1 

13.6 

10.7 

6 

15. G 

15.8 

11.7 

11.2 

12.8 

12.2 

11.5 

9.4 

7 

14.5 

14.7 

11.3 

11.8 

13.0 

12.5 

14.6 

12.2 

8 

14.4 

14.4 

10.6 

10.3 

13.1 

12.5 

9 

13.7 

13.9 

10.8 

I    10.6 

10.8 

10.0 

10 

10.1 

11.0 

11.1 

10.3 

Equation  5  and  its  derivatives  are,  of  course,  purely  empirical, 
and  hold  only  for  the  range  over  which  0o  and  Pr  are  constant. 
They  afford,  however,  a  convenient  way  of  stating  the  observed 
relationships  over  at  least  the  greater  part  of  the  physiological 
range  of  blocd  pH. 

1  As  a  matter  of  fact,  Equation  6  was  the  first  expression  actually  devel- 
oped for  empirically  expressing  the  relationships  of  the  three  variables 
pH,  B,  and  oxygen.     It  was  developed  by  Hastings,  who  noted  in  charting 

dB 
Experiments  4,  5,  and  6  in  the  next  paper  (11)  that  .  fTT1  ^  .  increases  with 

d  [HbOa] 

pH  according  to  a  linear  function  of  the  latter,  and  might  therefore  be 

expressed  in  the  form  m  pH  +  n. 
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An  equation  attempting  to  express  the  base  bound  at  varying 
pH  in  terms  of  the  mass  law  would  have  the  form 

p  _  p  /[HbO,]       KQ  [Hb]       KR  K,        .        Ki         ,       \ 

D-^\     c      Ko  +  IH+l"1"    C    KB  +  [H+p  K,  +  [H+]  "*"  K4  +  [H+p   " "  7 

with  at  least  six  terms,  since  as  shown  above,  there  are  at  least 
five  and  probably  more  acid  groups  binding  more  or  less  base  at 
normal  blood  pH  in  both  oxygenated  and  reduced  hemoglobin. 

As  L.  J.  Henderson  has  shown  (6),  assuming  that  changes  in 
one  acid  group  in  hemoglobin  are  responsible  for  the  difference 
in  alkali-binding  power  between  oxygenated  and  reduced  hemo- 
globin, the  group  affected  would  have  a  relatively  low  dissocia- 
tion constant,  KR,  in  reduced  hemoglobin  and  a  relatively  high 
one,  Kq,  in  oxygenated  hemoglobin;  and  the  value  of  Ko  and 
Kr  could  be  calculated  from  the  difference  in  base  bound  by  oxy- 
genated and  reduced  hemoglobin  at  two  different  pH  points.  All 
our  results  are  consistent  with  Henderson's  assumption;  and  the 
values  of  Ko  and  KR  could  be  calculated  from  the  difference 
in  base  bound  by  oxygenated  and  reduced  hemoglobin  at  pH  7.2 
and  7.4  estimated  from  our  average  data  as  expressed  by  Equa- 

dB 
tion  5  or  6.    The  change  in  ,rT„  _  _  with  changing  pH  on  which 

d[Hb02] 

one  must  base  calculations  of  Kq  and  KR  is  slight,  however, 
and  it  seems  preferable  to  delay  such  calculation  until  experiments 
with  hemoglobin  solutions  similar  to  Experiments  4,  5,  and  6 
with  blood  in  the  accompanying  paper  (11)  are  available,  and  a 
wider  range  of  pH  is  covered  so  that  the  validity  of  the  assump- 
tion can  be  tested  by  the  constancy  of  results  obtained  with  vary- 
ing pairs  of  pH  points. 

The  technique  used  in  this  paper  may  be  of  value  in  character- 
izing other  proteins  by  determining  the  height  and  slope  (buffer 
value)  of  their  B,  pH  curves  on  the  alkaline  side  of  their  isoelec- 
tric points.  We  have  estimated  above  that  the  pH  values  deter- 
mined are  reproducible  with  a  maximum  error  of  0.007  pH;  the 
usual  error  need  not  exceed  half  as  much.  Such  constancy  appre- 
ciably exceeds  that  attainable  by  the  electrometric  method. 
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SUMMARY. 

1.  The  alkali  (Na)  bound  at  pH  7.4  per  gram  molecule  of  re- 
crystallized  horse  oxyhemoglobin  has  been  determined  to  be  2.15 
zfc  0.10  equivalents,  that  per  gram  molecule  of  reduced  hemoglobin 
to  be  1.47  ±  0.08.  The  errors  of  db  0.10  and  =fc  0.08  allowed  for 
are  about  half  due  to  the  combined  analytical  errors  connected 
with  the  technique,  and  half  to  the  presence  of  7  to  20  per  cent 
of  hemoglobin  in  a  form  incapable  of  binding  labile  oxygen  in  the 
preparations  used.  (In  these  calculations  a  gram  molecule  of 
hemoglobin  has  been  taken  as  the  amount  combining  with  a 
gram  molecule  of  oxygen.) 

2.  At  pH  7.4,  the  change  of  1  mol  of  reduced  hemoglobin  to 
oxyhemoglobin  enables  the  hemoglobin  to  combine  with  0.68 
=fc  0.10  equivalent  of  additional  alkali. 

3.  For  points  intermediate  between  complete  oxygenation  and 
complete  reduction,  increase  in  base  bound  at  constant  pH  is  in 
simple  direct  proportion  to  increase  in  oxygen  content.    The 

dB 
'^irTTUi^  i  ratio  at  a  given  pH  is  constant  for  all  degrees  of  oxygena- 
dlxlbLfeJ 

tion.    This  fact  accords  with  Henderson's  theory  (6). 

4.  The  variation  in  base  bound  by  oxyhemoglobin  at  vary- 
ing pH  is  indicated  by  the  molecular  buffer  value  of  0o  =  2.64. 
For  each  0.1  pH  increase,  each  molecule  of  oxyhemoglobin  takes 
up  0.264  additional  equivalents*  of  base. 

For  reduced  hemoglobin  the  molecular  buffer  value  /3r  is  2.45. 
These  buffer  values  are  practically  constant  over  the  pH  range 
7.2  to  7.5. 

5.  The  relationships  summarized  above  are  condensed  into 
the  empirical  equation,  valid  over  the  pH  range  7.2  to  7.5,  and 
approximately  so  to  pH  7.0  to  7.6: 

B  «  2.64  [HbOa]  (pH  -  6.585)  +  2.45  [Hb]  (pH  -  6.80) 

The  constants,  2.45  and  6.80,  of  the  last  term  have  been  de- 
termined indirectly,  and  may  be  subject  to  slight  revision  when 
direct  determinations  are  available. 

6.  The  molecular  buffer  values,  /30  =  2.64  and  0R  =  2.45, 
indicate  that  at  pH  7.2  to  7.5  at  least  five  monovalent  acid  groups 
in  the  molecule  share  in  the  alkali  combined  with  hemoglobin. 
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7.  The  constants  above  reported  are  for  horse  hemoglobi 
only.  Preliminary  experiments  indicate  that  for  dog  hemoglobi 
the  figures  are  different. 
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STUDIES  OF  GAS  AND  ELECTROLYTE  EQUILIBRIA  IN 

THE  BLOOD. 

XV.    THE  EFFECT  OF  OXYGENATION  AND  REDUCTION  ON  THE 
BICARBONATE  CONTENT  AND  BUFFER  VALUE  OF  BLOOD. 

By  DONALD  D.  VAN  SLYKE,  A.  BAIRD  HASTINGS,  and 

JAMES  M.  NEILL. 

(From  the  Hospital  of  The  Rockefeller  Institute  for  Medical  Research .) 

(Received  for  publication,  July  26, 1922.) 

The  experiments  here  presented  were  carried  out  in  order— 

1.  To  determine  the  buffer  value  of  oxygenated  and  reduced 
Hood,  and  the  proportion  of  it  for  which  hemoglobin  is  responsible. 

2.  To  ascertain  quantitatively  the  effect  of  change  in  combined 
oxygen  at  constant  pH  on  the  blood  bicarbonate. 

3.  To  ascertain  the  effect  of  changing  pH  on  the  ^^ 

d[Hb02] 

Tatio.1 

We  have  used  the  same  experimental  methods  employed  with 
lemoglobin  solution  (1).  The  blood  was  saturated  at  38°  under 
laiown  tensions  of  CO2  and  O2,  and  the  changes  in  base  distribu- 
tion were  estimated  from  changes  in  the  bicarbonate. 

In  the  experiments  with  hemoglobin  solutions  (1)  all  changes 
in  base  present  as  BHCO3  could  be  interpreted  as  changes  in 
the  opposite  direction  in  base  bound  by  hemoglobin,  since  car- 
bonic acid  and  hemoglobin  were  the  only  acids  present.  Blood, 
however,  also  contains  other  buffers,  chiefly  in  the  form  of  plasma 
proteins  and  cell  phosphate,  which  also  give  off  some  bases  to 
form  bicarbonate  when  pH  is  lowered  by  increased  CO2  tension. 
Consequently,  variations  in  [BHCO3]  accompanying  changing 
pH  due  to  changing  CO2  tension  cannot  be  interpreted  on  blood 
as  quantitative  measures  of  opposite  changes  in  [BHb]  +  [BHbOs]. 
Bowever,  we  may  estimate  the  buffer  value  of  oxyhemoglobin 

1  The  symbols  used  in  the  preceding  paper  (1)  are  employed. 
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from  its  concentration  and  its  molecular  buffer  values  determined 
in  the  preceding  paper  (1),  and  by  comparing  the  values  thus 
estimated  with  the  observed  total  buffer  values  we  may  ascer- 
tain the  relative  part  played  by  oxyhemoglobin  in  the  total  buffer 
effect  of  the  blood.  The  estimation  from  buffer  constants  ob- 
tained on  hemoglobin  solutions,  of  the  buffer  effect  of  hemoglobin 
in  the  blood  involves  the  assumption  that  the  confinement  of 
hemoglobin  within  the  red  cells  does  not  alter  its  buffer  effect  on 
the  system.  The  approximate  correctness  of  this  assumption  is 
shown  by  the  results  of  Joffe  and  Poulton  (2).  Its  absolute 
accuracy  must  be  based  on  parallel  experiments  with  laked  and 
intact  cells,  which  the  temporary  interruption  of  our  work  has 
forced  us  to  leave  to  the  future.  The  calculation  of  the  relative 
part  played  by  hemoglobin  in  the  buffer  effect  of  blood  in  Table 
VII  is  therefore  presented  with  the  reservation  that  slight  cor- 
rections may  be  required  because  of  the  difference  in  pH  between 
plasma  and  cell  contents.  Because  of  the  relative  constancy  of 
the  buffer  value  of  hemoglobin  over  the  pH  range  that  the  cell 
contents  presumably  cover,  however,  it  does  not  appear  that 
the  correction  can  be  considerable. 

If  we  keep  the  pH  of  blood  constant,  however,  by  properly 
regulated  CO2  tension,  and  change  only  the  degree  of  oxygenation, 
we  appear  justified  in  assuming  that  any  changes  in  [BHCOa] 
that  occur  correspond  quantitatively  to  changes  in  the  opposite 
direction  in  base  bound  by  hemoglobin.  For  hemoglobin  is  the 
only  substance  in  the  blood  that  combines  with  the  oxygen,  and 
can  therefore  conceivably  undergo  change  in  its  chemical  properties 
from  oxygenation  and  reduction  of  the  blood.  Expressing  these 
increases  by  the  symbol  A,  with  changing  oxygen  content  at 
constant  pH,  -  A[BHC03]  =  A([BHb]  +  [BHb02]). 

EXPERIMENTAL. 

The  blood  in  volume  from  250  to  400  cc.  was  drawn  from  the 
horse  the  night  before  each  experiment.  It  was  either  oxalatcd 
or  defibrinated,  as  described  before  (3),  was  chilled  to  nearly 
0°C,  and  was  kept  at  that  temperature  until  samples  were  re- 
moved for  saturation  the  next  morning.  For  the  oxalation  0.2 
per  cent  potassium  oxalate  plus  0.1  per  cent  of  sodium  fluoride 
was  used  (4). 
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The  technique  of  saturation  and  analysis  was  identical  with 
that  used  in  the  preceding  paper  (1)  for  hemoglobin  solutions** 
For  the  blood  CO2  determinations  3  cc.  samples  were  used. 

The  calculations  of  pH  values  were  also  performed  as  above 
(1),  except  that  slightly  different  constants  were  required.  For 
calculation  of  the  pH  values  the  value  6.15  for  pK'  was  employed, 
instead  of  6.18  as  with  hemoglobin  solutions.  The  data  on  which 
the  value  6.15  is  based  will  be  published  later.  For  acov  Bohr's 
value  of  0.511  for  whole  blood  was  employed. 

Our  experiments  are  divided  into  two  groups. 

In  Experiments  1,  2,  and  3  we  have  followed  the  procedure 
outlined  for  Experiments  1,  3,  and  4  of  the  preceding  paper  (1). 
The  slope  of  the  BHCO3,  pH  line  has  been  determined  on  oxy- 
genated blood,  and  used  to  extrapolate  to  a  given  pH  the  [BHCOs] 
values  found  in  bloods  in  varying  stages  of  oxygenation,  and  at 
pH's  as  near  to  the  given  pH  as  could  be  arranged  by  regulation 
of  the  CO2  and  O2  tensions.  By  these  experiments  we  obtained 
data,  on  the  buffer  value  of  oxygenated  blood,  on  the  effect  of 
oxygenation  and  reduction  on  [BHC03]  at  constant  pH,  and  on 
the  proportionality  between  this  effect  and  the  degree  of  oxygena- 
tion. The  results  are  given  in  Tables  I,  II,  and  III,  and  in  Figs. 
1«,      16,  2a,  26,  3a,  and  36. 

In.  order  to  obtain  data  also  on  the  buffer  value  of  reduced 

blood,  and  on  the  total  effect  of  reduction  and  oxygenation  at 

varying  pH,  we  have  carried  out  Experiments  4,  5,  and  6.     In 

ea»ch  of  these  a  number  of  [BHCO3]  values  were  obtained  with 

blood  approximately  completely  oxygenated,  Po,  =  140  mm.  at 

varying  pH,  and  a  number  of  other  [BHC03]  values  were  obtained 

OTX  blood  as  near  as  possible  to  complete  reduction.     The  [BHCO3] 

P°*rits  for  both  oxygenated  and  reduced  bloods  when  plotted 

aS^-inst  pH  made  absolutely  straight  lines  within  the  pH  range 

°*  t,he  experiments,  7.1  to  7.5. 

The  results  of  Experiments  4,  5,  and  6  are  given  in  Tables  IV 
a>  IV&,  Va,  V6,  Via,  and  VI6,  and  in  Figs.  4,  5,  and  6.     In  Tables 

1  V6,   V6,  and  VI6,  the  values  for  -     -    '    3    may  be  taken,  for 

d[Hb02]  dB 

*r^asons  discussed  above,  to  represent  negative  values  of   _____  _  . 

d[Hb02] 

lri  the  sense  used  in  the  preceding  paper,  B  indicating  the  total 
b*se  bound  by  hemoglobin  as  [BHb]  +  [BHL02]  (1). 
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EXPLANATION  OP  TABLES  AND   FIGURES. 

In  all  except  Tables  IV6,  V6,  and  VI6  the  symbols  used  are  the 
same  as  in  the  tables  of  the  preceding  paper.  In  Tables  IV5, 
V6,  and  VI6,  we  have  used  [BHCOJr  for  the  [BHCOJ  of  the 
reduced  blood;  [BHCOalo  for  the  [BHCOJ  of  the  oxygenated 

blood;  A[BHCO,]  =  [BHCO,]R  -  [BHCO,]0.    Theratio^^^ 

A[HbOtJ 

is  always  negative  since  at  constant  pH,  oxygen  and  bicarbonate 
contents  move  in  opposite  directions. 

The  charts  are  designed  like  those  in  the  preceding  paper, 
except  that  in  the  present  one  the  [BHCOs]  values  are  plotted 
as  ordinates,  instead  of  the  [BHb]  +  [BHb(>2]  values.  Conse- 
quently, since  the  [BHCOs]  varies  in  the  opposite  direction  from 
the  [BHb]  +  [BHbOa]  in  the  present  charts  the  lines  slope  in  the 
opposite  direction  from  those  in  the  preceding  paper,  and  the 
oxygenated  line  is  at  the  bottom  of  a  series  instead  of  at  the  top. 

TABLE  I. 

Horse  Blood  No.  1. 

•  » 

Anticoagulant Oxalate  +  NaF. 

Total  oxygen  capacity 7.30mic. 


No. 

Pot 

Total 
(Oil. 

IHbOtl 

Pcoi 

Total 
[COjj. 

[BHCO.J 

pH 

(BHOOa) 

at 
pH7  30. 

fHIH. 

mM. 

mM. 

mm. 

mM. 

mu. 

«Uf. 

1 

(140) 

7.39 

7.21 

33.2 

16.05 

15.05 

7.329 

15.75 

2 

(140) 

7.36 

7.18 

47.1 

18.64 

17.23 

7.236 

15.75 

3 

(140) 

7.38 

7.20 

61.7 

20.90 

19.05 

7.162 

15.75 

4 

49.30 

5.75 

5.68 

44.4 

18.55 

17.22 

7.265 

16.40 

5 

34.50 

4.49 

4.45 

44.4 

19.05 

17.72 

7.274 

17.10 

0 

32.70 

4.29 

4.25 

44.2 

19.15 

17.82 

7.278 

17.28 

7 

21.60 

2.26 

2.24 

46.6 

20.35 

18.95 

7.282 

18.55 

8 

2.9 

0.32 

0.32 

51.4 

21.76 

20.22 

7.268 

19  47 

9 

142.0 

7.38 

7.20 

40.6 

17.52 

16.30 

7.276 

15.75 

DISCUSSION    OF    RESULTS. 


The  Buffer   Value   of  Oxygenated   and   Reduced   Blood  and  the 
Proportion  of  It  for  Which  Hemoglobin  Is  Responsible. 

The  buffer  values  for  oxygenated  blood,  in  mM.  terms,  are  given 
in  Table  VII  for  the  five  bloods  on  which  they  were  determined. 


-  is    calculated 


Fid.  la.  From  the  line 
through  the  oxygenated 
points  1,  2,  3,  and  9, 
d|BHCO,| 

dpH 
as  -  23.7. 

Intersect  ions  of  lines 
through  the  other  points 
with  the  pH  7.3  line 
indicate  effects  of  vary- 
ing degrees  of  reduction 
in  lowering  the  amount 
of  base  bound  by  the 
hemoglobin. 

The  numbers  near  the 
points  indicate  the  data 
in  Table  I  from  which 
they  are  taken.  In  the 
last  column  of  the  table 
the  amounts  of  base 
indicated  by  the  inter- 
sections on  the  pH  line 
are  given. 
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Fio.  lb.  Amount  of  base  displaced  from  BHCO,  at  pH  7.3  compared  with 
amounts  of  oxygen  bound.    Data  from  Table  I  and  Fig.  la. 

From  the  slope  of  the  line,    .,,„  .  .    is  calculated  as  —  0.654. 
dlnbOtl 


since  increase  in  base  bound  as  BHCO» 
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^[On  No.  3  the  buffer  slope  was  not  determined,  but  was  estimated 

•for  purposes  of  extrapolation  from  the  hemoglobin   content.) 

The  value  of  th&  buffers  other  than  BHC08  was  estimated  as 

dB  d[BHCQ3] 

dpH  "  dpH 

is  equal  to  loss  of  base  by  other  buffers.  The  other  calculations 
in  the  table  are  self-explanatory.  It  appears  that  from  73  to 
79  per  cent  of  the  total  buffer  effect  of  the  oxygenated  horse 
blood  was  due  to  oxyhemoglobin.    The  average  buffer  effect  of 

TABLE  II. 
Horse  Blood  No.  S. 

Anticoagulant.. Oxalate  and  NaF. 

Total  oxygen  capacity 6.80  him . 


No. 

P01 

Total 
10,). 

[HbOtl 

Pcos 

Totnl 
[CO«|. 

IBHCOj] 

pH 

(BHCOsI 

at 
pH7  275. 

tnm. 

fflM. 

mu. 

mm. 

fflM. 

fflM. 

mM. 

1 

143.3 

6.93 

6.75 

33.0 

16.79 

15.80 

7.353 

17.35 

2 

142.8 

6.95 

6.77 

42.3 

18.56 

17.29 

7.274 

17.35 

3 

(143.0) 

6.86 

6.68 

62.2 

21.63 

19.57 

7.170 

17.35 

4 

44.2 

5.26 

5.20 

44.7 

19.47 

18.13 

7.271 

18.07 

5 

31.5 

3.85 

3.81 

44.7 

20.06 

18.72 

7.298 

19.26 

6 

27.5 

3.03 

2.99 

45.6 

20.40 

19.03 

7.293 

19.42 

7 

21.0 

1.90 

1.87 

49.5 

21.45 

19.96 

7.278 

20.04 

8 

1.5 

0.14 

0.14 

48.7 

22.13 

20.67 

7.291 

20.98 

9 

141.4 

42.4 

18.51 

17.24 

7.282 

17.35 

i 


buffers  other  than  bicarbonate,  in  mM.  terms,  was 


dB 
dpH 


=  22.6, 


of  which  19.0  were  due  to  hemoglobin,  leaving  3.6  to  buffers 
other  than  hemoglobin  and  bicarbonate.     The  bicarbonate  con- 

dB 
tributed  an  average  — 71  value  of  1.8,  making  the  total  24.4. 

In  percentages  of  the  total  buffer  effect,  the  average  values 
for  all  five  bloods  are  78  per  cent  for  hemoglobin,  7.4  per  cent 
for  bicarbonate,  and  14.6  for  all  other  buffers. 

The  results  obtained  with  reduced  blood  in  Experiments  4,  5, 
and  6  are  given  in  Table  VIII.  The  effects  of  buffers  other 
than  hemoglobin  and  BHCO3,  are  estimated  in  Column  d  of 
Table  VIII  from  the  oxygenated  samples  by  subtracting  the 
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Fio.  2a.  From  the  line  through  the  oxygenated  points  1,  2,  3,  and  ft, 
d[BHCOJ  ,     ,       , 

—     „       ib  calculated  as  —20.6. 

Intersections  of  lines  through  the  other  points  with  the  pH  7.275  line 
indicate  effects  of  varying  degrees  of  reduction  in  lowering  the  amount  of 
base  bound  by  the  hemoglobin. 

The  numbers  near  the  points  indicate  the  data  in  Table  II  from  which 
they  are  taken.  In  the  last  column  of  the  table  the  amounts  of  base  indi- 
cated by  the  intersections  on  the  pH  line  are  given. 
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Fio.  2b.  Amounts  of  base  displaced  from  BHCO,  at  pH  7.275  compared 
with  amounts  of  oxygen  bound.    Data  from  Table  tl  and  Fig.  2a. 
From  the  slope  of  the  line,  "  is  calculated  as  -0.54&, 

513 


514        Oxygenation  and  Reduction  in  Blood 


calculated  buffer  effect  of  the  oxyhemoglobin  from  the  total. 
In  the  reduced  bloods  it  is  assumed  that  the  effects  of  the  buffers 
other  than  BHCO3  and  hemoglobin  are  the  same  as  in  oxygenated. 
The  buffer  value  of  the  reduced  hemoglobin  is  accordingly  esti- 
mated by  subtracting  the  values  in  Column  d  from  those  in 

dB 
Column  e.    From  the  t~^  values  found,  the  molecular  buffer 


dB 


dpH 

value  is  calculated  in  Column  g  as  0R  =  ~  ,  ~ 

From  comparison  in  Tables  VII  and  VIII  of  the  average 
values  for  those  experiments  in  which  both  oxygenated  and  re- 

TABLE  III. 

Horse  Blood  No.S. 

Anticoagulant Defibrinated. 

Total  oxygen  capacity 6.68  raM. 


No. 

Po, 

Total 
[Oil. 

(HbOt] 

Pco« 

Total 
[CO.1 

[BHCOi] 

pH 

[BHCO.J 

at 
pH7  24. 

mm. 

mu. 

mu. 

mm. 

mu. 

mu. 

mu. 

1 

143.5 

6.75 

6.56 

41.9 

16.65 

15.39 

7.238 

15.38 

2 

37.6 

4.30 

4.25 

46.0 

18.14 

16.76 

7.235 

16.63 

3 

19.9 

1.90 

1.87 

47.3 

19.08 

17.66 

7.245 

17.74 

4 

4.0 

0.22 

0.22 

48.7 

19.91 

18.45 

7.251 

18.67 

5 

135.0 

6.69 

6.49 

43.4 

16.80 

15.50 

7.226 

15.25 

■6 

29.70 

3.21 

3.17 

45.0 

18.13 

16.78 

7.244 

16.85 

7 

20.80 

2.00 

1.97 

46.2 

18.85 

17.46 

7.250 

17.66 

S 

3.5 

0.19 

0.19 

48.7 

19.93 

18.47 

7.252 

18.73 

■duced  bloods  were  examined,  the  shift  of  buffer  values  resulting 
from  reduction  of  oxygenated  blood  at  constant  pH  becomes 
apparent.  The  hemoglobin  decreases  in  both  percentage  and 
absolute  buffer  effect,  because  of  the  chemical  change  it  under- 
goes; the  bicarbonate  increases  in  both  percentage  and  total 
buffer  effect,  because  of  the  increase  in  [BHCO3],  and  its  gain 
nearly  balances  the  loss  of  the  hemoglobin. 

The  Effect  of  Change  in  Combined  Oxygen  at  Constant  pH  on  the 

Blood  Bicarbonate. 

d[BHCO,] 

The  values  for  the    JfTTm ,   ratios  obtained  at  7.30,  or  the 

d[HbOJ 
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Fio.  3a.  The  slope  of  the  line*  in  calculated  as  — — ,  from  the  hemoglobin 

content. 

Intersect  ions  of  lines  through  the  other  points  with  the  pH  7.24  line  indi- 
cate effects  of  varying  degrees  of  reduction  in  lowering  the  amount  of  baM 
bound  by  the  hemoglobin. 

The  numbers  near  the  points  indicate  the  data  in  Table  111  from  which 
they  are  taken.  In  the  last  column  of  the  Table  the  amounts  of  base  indi- 
cated by  the  intersections  on  the  pH  7.24  line  are  given . 
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Flo.  3b.  Amounts  of  base  displaced  from  BIICO,  at  pH  7.24  coi 
with  amounts  of  oxygen  bound.    Data  from  Table  III  and  Fig.  3a. 

From  the  slope  of  the  line,  ,[T,.nl"  is  calculated  as  —  0.538. 
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TABLE  IVa. 
Horse  Blood  No.  4. 

Anticoagulant Oxalate  -f  NaF. 

Total  oxygen  capacity 7.16  mM. 

Technique Double  tonometer. 

Double   equilibration. 


No. 

Po, 

Total  [Oil. 

IHbOal 

Pcot 

Total 
|CO«J. 

[BHCO»l 

pH 

1 
2 
3 

4a 
4b 

136.9 
136.2 
128.2 
130.3 
130.6 

mM. 

7.30 
7.27 

7.32 
7.31 

mM. 

7.12 
7.09 

7.15 
7.14 

mm. 

54.7 
53.8 
31.0 
24.2 
24.2 

mM. 

19.55 
19.35 
15.25 
13.57 
13.50 

mu. 

17.91 
17.74 
14.32 
12.84 
12.77 

7.188 
7.191 
7.338 
7.398 
7.395 

7.13 

• 

5 

6 

•  7 

8 

2.6 
3.3 
3.5 
3.6 

0.22 
0.25 
0.31 
0.33 

0.22 
0.25 
0.31 
0.33 

63.0 
46.0 
34.2 
25.8 

23.27 
20.66 
18.44 
16.43 

21.38 
19.28 
17.41 
15.66 

7.203 
7.295 
7.379 
7.456 

0.28 

TABLE  IVb. 
Horse  Blood  No.  4»    Data  from  Fig.  4. 


*A  [HbO*]  =  0.28  -  7.13  =  -  6.85 


pH 

fBHCOa]R 

[BHCO.]0 

AIBHCOjI 

A[BHCO»]» 
A(HbO>| 

mM. 

mM. 

mM. 

7.1 

23.70 

20.00 

3.70 

0.540 

7.2 

21.46 

17.59 

3.87 

0.565 

7.3 

19.20 

15.16 

4.04 

0.589 

7.4 

16.96 

12.75 

4.21 

0.615 

7.5 

14.70 

10.32 

4.38 

0.639 

-nearest  point   to   7.30,  covered   by  observation,  are  given   in 
Table  IX. 

The  assumption  appears  justified,  as  stated  above,  that,  at 
constant  pH,  changes  in  oxygenation  affect  the  amounts  of  base 
bound  only  by  carbonic  acid  and  by  hemoglobin,  whatever  base 
is  detached  from  combination  with  hemoglobin  being  represented 
by  increase  in  [BHCO3],  and  vice  versa.    If,  therefore,  no  factors 
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in  blood  alter  the  pKr  and  pKo  values  of  the  acid  group  or  groups 
of  which  the  base-binding  power  is  affected  by  oxygen  changes,  we 

dB 
should  expect  at  a  given  pH  the    \,„,fr;  ratio  determined  in 

sodium  hemoglobinate  solutions  to  have  the  same  value  as  the 

d[BHCO,]       .      ,  ......  ,  •     . 

.,„:■„  ,   ratio  determined  in  blood,  except  for  change  in  sign. 

dlHbOi] 


\                                            11 

u 

\  ,    i  BBdrad 

Fi 

"■ 

q  E 

i\  &■",<" 

Oxalate 

hNaH      ' 

\     ! 

\        1         Nftj^ 

1 

\<            l\      ' 

1 

V '  N 

1 

'      '  V          '   \ 

Oxy 

Jenafed 

'    I     N?     '    1   "k 

da  i  5„  lB                                \                   \ 
55H;  24-16                                 \             '     \ 

1          1                                                                  4**"              1          i     \ 

1          '          .                                                         "\    1          1          1 

|                                                   '                                              \ 

pH 


•  the   oxygenated   blood    is  calculated  as  —24.18.     From  the 


Fig.  4.  From  the  tine  through  the  oxygenated  points  1,  2,  3,  4  a,  and  4b, 
dJBHCOJ 

line  through  points  5,  6,  7  and  8,  —         —  for  reduced  blood  is  calculated 

as  -22.40. 

The  numbers  near  the  points  indicate  the  data  in  Table  IVo  from  which 
they  are  taken. 
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TABLE  Va. 

Horse  Blood  No.  5. 

Anticoagulant Oxalate  -f  NaF. 

Total  oxygen  capacity 6.95  mM. 


No. 

Po«* 

Total  [Oil. 

[HbO«l 

Pco» 

Total 
(COil. 

[BHCOil 

PH 

mm. 

mu. 

mu. 

mm. 

mil. 

mu. 

1 

(140) 

7.13 

6.95 

52.5 

19.28 

17.70 

7.200 

2 

(140) 

36.3 

16.50 

15.41 

7.301 

3 

(140) 

7.11 

6.93 

26.5 

14.38 

13.58 

7.382 

4 

(140) 

7.12 

6.94 

19.9 

12.65 

12.05 

7.455 

5 

(0) 

0.40 

0.40 

60.8 

22.63 

20.81 

7.207 

6 

(0) 

0.28 

0.28 

44.5 

20.19 

18.85 

7.209 

7 

(0) 

0.37 

0.37 

31.3 

17.63 

16.69 

7.400 

8 

(0) 

0.16 

0.16 

22.5 

15.48 

14.80 

7.491 

9 

(140) 

6.98 

6.80 

63.1 

20.68 

18.79 

7.148 

10 

(140) 

7.19 

7.01 

46.2 

18.27 

16.88 

7.236 

11 

(140) 

7.15 

6.97 

31.3 

15.50 

14.56 

7.341 

12 

(140) 

7.06 

6.85 

21.5 

12.95 

12.30 

7.431 

13 

(0) 

0.21 

0.21 

72.1 

24.03 

21,87 

7.155 

14 

(0) 

0.17 

0.17 

51.9 

21.29 

19.73 

7.253 

15 

(0) 

0.30 

0.30 

35.9 

18.57 

17.49 

7.361 

*  pot  figures  in  this  table  represent  oxygen  tension  of  gas  placed  in 
tonometers  for  second  saturation,  not  the  final  tension  determined  by 
analysis. 

TABLE  V6. 
Horse  Blood  No.  6.    Data  from  Fig.  6. 


pH 

[BHCOilo 

lBHCOi]R 

AlBHCOi] 

A(BHCO»r 
AIHbOt] 

mM. 

mM. 

mM. 

7.1 

19.88 

.23.00 

3.12 

0.469 

7.2 

17.65 

20.90 

3.25 

0.489 

7.3 

15.42 

18.80 

3.38 

0.508 

7.4 

13.20 

16.70 

3.50 

0.526 

7.5 

10.97 

14.60 

3.63 

0.546 

*  A[HbO,]  =  -  6.65 

However,  at  pH  7.30  the  results  of  sodium  hemoglobinate  solu- 

dB 

tions  (1)  have  indicated  a  value  of  0.67  for  the  jrrr,A ,  ratio. 
v  '  d[HbOJ 

dB 


This  is  higher  than  any  of  the 


d[Hb02] 


values  obtained  in  blood, 
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and     it  appears  probable  that  the  difference  is  outside  the  limits 
of  experimental  error. 

AJso  it  appears  that  the  difference  in  the  value  of 


dB 


d[HbO»] 
as    determined  at  pH  7.3  in  Bloods  4  and  5,  respectively,  is  out- 
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■fe^a.  5.  From  the  line  through  the  oxygenated  points,  — 

♦  u        u  «.        ,      j      •  .   dlBHCOJ 
e  through  the  reduced  points 


dpH 


^•^•d  as  -22.23.    From  the  lin 
^*iuced  blood  is  calculated  as  -21.06. 
..        The  numbers  near  the  points  indicate  the  data  in  Table  Va  from  which 
*-Q.«y  are  taken. 

^ide  the  limits  of  experimental  error.     The  experiments  on  these 

"fcwo  bloods  were  performed  near  the  end  of  our  work  when  the 

accuracy  of  our  technique  was  at  its  best,  and  a  number  of  points 

on   oxygenated  blood   and  blood  at  a  uniform  degree  of  nearly 

complete  reduction  were  obtained.    Both  bloods  were  oxalated 
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and  otherwise  treated  in  an  identical  manner.    They  were  also 

drawn  from  the  same  horse  at  times  only  3  days  apart.     Yet  the 

dB 
rirffhOJ    ra*i°  iR  Experiment  4  is  0.589,  and  in  Experiment  5 

is  0.508. 


TABLE  Via. 

Horse  Blood  No.  6. 


Anticoagulant 

Total  oxygen  capacity. 


Defibrinated . 
7.81  mai. 


No. 

Po«* 

Total  [Oil. 

[HbO»l 

PcOj 

Total 
[COtl. 

IBHCOal 

pH 

mm. 

mu. 

mu. 

fflfflm 

mu. 

mu. 

1 

(140) 

7.86 

7.68 

52.1 

18.32 

16.76 

7.180 

2 

(140) 

7.81 

7.63 

37.2 

15.66 

14.54 

7.265 

3 

.    (140) 

7.97 

7.79 

25.9 

13.21 

12.43 

7.354 

4 

(140) 

7.91 

7.73 

18.7 

11.23 

10.67 

7.429 

5 

(0) 

.    0.78 

0.78 

59.8 

21.57 

19.78 

7.193 

6 

(0) 

1.04 

1.04 

43.6 

18.94 

17.63 

7.279 

7 

(0) 

0.98 

0.98 

31.2 

16.52 

15.58 

7.371 

8 

(0) 

1.01 

1.01 

22.8 

14.38 

13.70 

7.452 

*  The  po>  figures  in  this  table  represent  oxygen  tension  of  gas  placed  in 
tonometers  for  second  saturation,  not  final  tension  determined  by  analysis. 

TABLE  VI6. 
Home  Blood  No.  6.    Data  from  Fig.  6. 


pH 

[BHCO»]0 

lBHCO,IR 

A[BHCO»J 

A[BHCO*r 
AtUbO*] 

mu. 

mu. 

mu. 

7.2 

16.25 

19.54 

3.29 

0.487 

7.3 

13.80 

17.20 

3.40 

0.503 

7.4 

11.37 

14.90 

3.53 

0.522 

7.5 

8.91 

12.59 

3.68 

0.544 

*A[HbO,]  -  -6.76 


There  appear  to  be  factors  present  in  the  blood  which  depress 

dB 
the  ,fTJUA ,  ratio  (B  representing  base  bound  by  hemoglobin) 
alribUoJ 

below  the  value  that  it  has  in  solution  of  sodium  hemoglobinate 

and  bicarbonate,  and  which  depress  it  to  a  variable  extent.    One 

of  these  factors  is  probably  the  difference  in  pH  between  cells 
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and  plasma.  The  pH  values  that  we  have  estimated  in  the  blood 
are  those  of  the  plasma.  The  pH  values  in  the  cells  are  probably 
lower;  and,  as  will  be  brought  out  below,  depression  of  the  pH 

depresses  the 


;  ratio. 


d[HbOi] 

It  may  be  that  the  difference  in  concentration  of  salts  in  the 
blood,  as  compared  with  our  sodium  hemoglobinate  solutions, 
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Fig.  6.  F) 
d[BHCOJ  . 


Dm   the  line   through  the  oxygenated   points 
calculated   tis   -24.1 


™  ,...,,.,..,.,....  ...,      _-. -u.    From  the  line  through  the  reduced 

dpH  d[BHCO>l 

points  5,  8,  7,  and  8,  —  for  reduced  blood  is  calculated  as  —23.23. 

The  numbers  near  the  points  indicate  the  data  in  Table  Via  from  which 
they  are  taken.  ' 

also  affects  somewhat  the  pK'  values  of  the  acid  group  or  groups 
in  the  hemoglobin  molecule  which  are  altered  by  oxygenation. 
The  question  as  to  whether  these  two  factors  are  sufficient  to 
account  for  the  observed  variations  in  the  ratio  must  await  the 
accumulation  of  more  data. 
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The  Effect  of  Changing  pH  on  the 


d[BHCOz] 
d[HbOt\ 


Ratio. 


From  Tables  IV6,  V6,  and  VI6  it  will  be  seen  that  the  value 

A[BHC03] 
of  the  ratio  —     ArTJuo  i    increases  with  increasing  pH.     The 

rates  of  increase  in  the  ratio  per  unit  increase  in  pH  are  0.248, 
0.192,  and  0.190  in  Experiments  4,  5,  and  6,  respectively,  or  about 
0.02  for  each  0.1  change  in  pH  over*  the  range  pH  7.5  to  7.1. 

From  the  curves  of  Figs.  4,  5,  and  6  it  is  possible  by  a  method 
of  calculation  already  outlined  by  L.  J.  Henderson  (4)  to  estimate 
the  values  K'R  and  K'o  of  the  monovalent  acid  group  in  the 
hemoglobin  molecule  that  has  its  dissociation  constant  changed 
from  KR  to  Ko  when   reduced  hemoglobin  is  oxygenated,  the 

TABLE  IX. 
Decrease  in  [BHCOi]  per  Gram  Molecule  of  Oxygen  Combined  at  Constant  pH . 


Experiment  No. 

pH 

Treatment  of  blood. 

Mob  decrease  in 

[BHCOs]  per  mot 

increase  in  [HbOt]. 

1 

7.30 

Oxalate  +  NaF. 

0.554 

2 

7.275 

"      4.    " 

0.548 

3 

7.24 

Defibrinated. 

0.538 

4 

7.30 

.  Oxalate  +  NaF. 

0.589 

5 

7.30 

"      4.    " 

0.508 

6 

7.30 

Defibrinated. 

0.503 

assumption  being  made  that  only  one  such  group  is  so  changed. 
In  view  of  the  appreciable  differences  observed  between  different 
bloods,  however,  and  between  blood  and  solutions  of  recrystal- 
lized  hemoglobin,  it  appears  preferable  to  let  the  publication  of 
such  calculations  await  further  data. 


SUMMARY. 

1.  The  average  buffer  value  at  pH  7.2  to  7.5  of  three  samples  of 

oxygenated  blood  from  the  same  horse  was  found  to  be  — ,  ~-  '  = 

25.3,  the  average  value  for  the  same  bloods  in  the  reduced 
condition  being  24.4. 

2.  The  buffer  values  of  each  blood,  the  degree  of  oxygenation 
being  constant,  were  constant  over  the  pH  range  7.2  to  7.5. 
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3.  In  the  oxygenated  blood  the  hemoglobin  was  calculated 
to  be  responsible  for  an  Average  of  76.0  per  cent  of  the  total  buffer 
value,  bicarbonate  for  6.9  per  cent.  In  reduced  hemoglobin  the 
figures  were  73.3  and  9.0,  respectively. 

4.  The  difference  in  buffer  value  between  oxygenated  and  re- 
duced blood  is  attributable  to  a  loss  of  buffer  value  at  this  pH 
when  oxyhemoglobin  is  reduced.  The  consequent  loss  to  the 
total  buffer  value  of  the  blood  is  only  partially  compensated 
by  the  increase  in  [BHC03]  that  accompanies  the  deoxygenation. 

5.  From  the  effect  of  oxygenation  and  reduction  on  the  buffer 
value  of  blood  it  is  estimated  that  if  the  molecular  buffer  value 
of  oxyhemoglobin  is  2.64,  as  found  in  the  preceding  paper,  the 
molecular  buffer  value  of  reduced  hemoglobin  is  2.45. 

6.  At  pH  7.3  the  decrease  in  [BHC03]  per  added  molecule  of 
oxygen  combined  with  the  hemoglobin  was  found  to  vary  in  six 
bloods  from  0.50  to  0.59,  indicating  that  a  gram  molecule  of  oxy- 
genated hemoglobin  at  this  pH  binds  0.50  to  0.59  more  gram 
equivalents  of  alkali  than  does  reduced  hemoglobin.  The  varia- 
tion between  0.50  and  0.59  is  probably  outside  the  limit  of  error 
in  these  experiments,  and  is  due  to  variable  factors  not  yet  ascer- 
tained in  the  blood.  The  ratios  observed  in  blood  are  lower  than 
those  observed  in  solutions  containing  only  recrystallized  hemo- 
globin and  sodium  bicarbonate. 

7.  At  a  given  pH,  with  varying  degrees  of  oxygenation,  the 
displacement  of  base  from  combination  with  bicarbonate  is  in 

simple  direct  proportion  to  the  amount  of  oxygen  combined. 

dB 
This  constancy  of  the  ,,„,n ,  ratio  was  also  found  with  hemo- 
globin solutions  (1). 

8.  Increase  of  pH  over  the  range  7.2  to  7.5  increases  the  amount 
of  alkali  in  a  given  blood  displaced  from  combination  with  bi- 
carbonate (added  to  hemoglobin)  by  1  molecule  of  oxygen,  the 
increase  being  at  the  rate  of,  approximately,  0.02  equivalent  of 
alkali  per  0.1  pH  rise. 

9.  No  quantitative  differences  were  detected  between  defibri- 
nated  blood  and  blood  in  which  coagulation  had  been  prevented 
by  addition  of  0.2  per  cent  of  potassium  oxalate  and  0.1  per  cent 
of  sodium  fluoride. 
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linkage  of  2  molecules,  the  substance  in  its  oxidized  form  is  no  longer 
a  dipeptide  in  a  strict  sense,  but  an  association  of  four  amino-acid 
residues.  It  would  be  consistent  with  the  analogy  of  the  cysteine- 
cystine  nomenclature  to  give  a  separate  name  to  each  form;  but 
it  will  be  convenient,  at  any  rate  until  the  constitution  of  the  sub- 
stance is  completely  established,  to  use  the  name  glutathione  alone, 
and  to  speak  respectively  of  its  reduced  and  oxidized  form. 
Equilibrium  in  the  living  cell  would  seem  to  be  such  that  the 
greater  part  of  the  substance  present  exists  in  the  reduced  condi- 
tion; but  oxidation  and  reduction  of  the  constituent  sulfur  groups 
are  reversible  processes  in  the  tissues,  and  both  forms  may  at  any 
moment  be  present. 

A  full  study  of  the  general  chemical  properties  of  the  substance 
is  in  progress.  The  present  communication  is  concerned  witfc 
observations  meant  to  elucidate  further  its  relations  and  functions 
in  the  living  cell  and  for  the  most  part  only  with  experimental 
results  which  have  shown  that  its  activities  are  associated  in  an 
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unexpected  manner  and  to  a  remarkable  extent  with  tissue  agencies 
which  are  thermostable. 

A  word  may  be  said  as  to  the  terminology  used  in  the  discussion 
of  the  facts.  In  the  case  of  a  system  containing  a  tissue  catalyst, 
together  with  substances  susceptible  to  oxidation  under  the  in- 
fluence of  such  a  catalyst,  it  is  difficult  without  detailed  knowl- 
edge to  find  criteria  concerning  the  nature  of  the  system  which 
will  fully  distinguish  between  different  possibilties  suggested  in 
views  that  are  at  present  held.  If,  indeed,  the  oxidation  occurs 
only  upon  access  of  free  oxygen  it  is  legitimate  in  the  present 
state  of  knowledge  to  assume  that  an  "oxidase"  system  is  in- 
volved, of  the  type  pictured  by  Engler,  Bach,  Chodat,  and  others. 
If,  however,  (a  reducible  substance  being  present  or  artificially 
provided)  oxidation  occurs  also  indirectly  under  strictly  anae- 
robic conditions,  the  suggestion  then  is  that  the  catalyst  acts 
either  as  one  determining  simultaneous  oxidation  and  reduction 
by  means  of  the  elements  of  water,  as  suggested  by  Bach;  or  it 
may  act  rather  (the  distinction,  in  certain  cases  at  least,  being  real) 
by  determining  the  transfer  of  hydrogen  from  an  oxidizable 
substance  to  a  reducible  substance  on  the  lines  suggested  by 
Wieland  (1914).  It  is  impossible  without  knowing  full  chemical 
details  concerning  the  reaction  or  reactions  involved  to  decide 
between  the  last  two  possibilities.  For  the  purpose  of  the 
following  discussion  it  is  extremely  convenient  to  assume  the  view 
of  Wieland  and  to  employ  the  related  terminology  of  Thunberg 
(1920);  to  speak,  that  is,  of  the  substance  oxidized  as  the  "hydro- 
gen donator"  and  of  the  substance  reduced  as  the  "hydrogen 
acceptor."  Under  aerobic  conditions  the  acceptor,  of  course, 
may  be  oxygen  itself.  When,  however,  the  term  hydrogen  donator 
is  used  it  should  be  remembered  that  in  any  particular  case  under 
consideration  the  term  oxygen  acceptor  might  better  correspond 
with  the  facts.  No  essential  confusion,  as  a  matter  of  fact,  arises, 
when  only  general  aspects  of  the  phenomena  are  under  discussion, 
if  these  two  terms  be  taken  as  equivalent. 

Into  Wieland's  conception  of  hydrogen  transport  the  properties 
of  the  sulfur  group  of  glutathione  fit  with  special  readiness.  It 
will  be  found,  however,  that  the  facts  now  to  be  described  suggest 
that  the  activities  of  the  dipeptide  seem  but  little  concerned  with 
those  of  any  recognized  type  of  tissue  catalyst. 
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The  experiments  upon  which  this  paper  is  based  have  dealt 
chiefly  with  amphibian  and  mammalian  muscle;  but  less  complete 
observations  upon  other  animal  tissues  have  indicated  that  the 
essential  statements  hold  true  for  these  also. 

Reduced  glutathione,  at  suitable  hydrogen  ion  concentrations, 
is  oxidized  by  molecular  oxygen,  and  under  similar  conditions  it 
freely  reduces  methylene  blue.  On  the  other  hand,  as  was  shown 
in  the  previous  communication,  factors  are  present  in  the  tissues 
which  promptly  reduce  the  oxidized  product  whenever  its  con- 
centration is  raised  above  an  equilibrium  value. 

While,  therefore,  the  sulfydryl  group  of  the  dipeptide  con- 
stitutes one  at  least  of  the  reducing  agents  of  the  tissues,  its  special 
significance  depends  upon  the  circumstance  that  when  it  transfers 
its  hydrogen  to  molecular  oxygen,  or  to  such  an  acceptor  as 
methylene  blue,  it  is  itself  reduced  afresh  by  normal  tissue  agencies. 
A  continuous  transfer  of  hydrogen  is  thus  established  and,  as 
should  be  noted,  at  a  velocity  much  greater  than  that  with  which 
the  hydrogen  is  directly  transferred — if  it  be  transferred  at  all — 
to  the  acceptor  from  the  particular  sources  concerned. 

In  so  far  as  they  relate  to  the  reduction  of  methylene  blue  these 
facts  were  established  by  observations  described  in  the  first  paper. 
Further  experiments  have  shown  that  they  hold  true  when  the 
final  acceptor  is  atmospheric  oxygen. 

An  experimental  analysis  of  vital  oxidations  must-involve  more 
than  the  isolation  of  intermediary  oxidation  products.  It  is  clear 
from  what  is  known  that  some  analysis  of  the  oxidative  mechan- 
isms is  possible  as  well  as  desirable. 

The  acquisition  of  interesting  facts  by  the  study  of  tissues 

before  and  after  they  have  been  merely  extracted  with  water  has 

justified  some  attempt  at'  analysis  on  these  simple  lines.    Just  as 

it  helped  Harden  and  Young  to  a  recognition  of  the  coferment  of 

alcoholic  fermentation,  so  has  this  method  enabled  Meyerhof 

(1918),  to  show  that  two  factors,  at  least,  are  concerned  in  the 

xnaintenance  of  respiratory  oxidations,  and  Batelli  and  Stern 

(1914)  to  demonstrate  a  distinction  between  soluble  and  insoluble 

oatalysts  in  the  tissues.    Further,  by  the  use  of  the  same  simple 

jDrocedure,  involving  the  removal  by  washing  of  the  soluble  hy- 

cjrogen  donators  present,  and  the  restoration  of  the  lost  reducing 

t>ower  by  the  addition  of  substances  of  known   constitution, 
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Thunberg  has  thrown  light  upon  intermediary  products  as  we 
as  upon  certain  aspects  of  the  oxidative  mechanism. 

A  fresh  tissue,  when  very  thoroughly  washed,  fails  to  reduc 
methylene  blue  or  reduces  it  very  slowly.  The  washing  remove 
inter  alia  the  greater  part  of  its  content  of  glutathione.  Whei 
under  suitable  conditions  the  dipeptide  is  alone  restored  to  th 
system,  a  considerable  part  of  the  original  reducing  power  is  als 
restored,  just  as  completely — it  should  be  noted — when  th 
added  dipeptide  is  in  the  oxidized  form  (containing,  therefore 
no  mobile  hydrogen)  as  when  it  is  added  already  reduced.1  Thi 
fundamental  fact,  demonstrated  by  observations  described  in  th 
first  paper,  has  been  confirmed  by  a  great  number  of  later  experi 
ments.  Evidence  is  supplied  in  the  present  paper  to  show  that  th 
dipeptide  under  these  circumstances  does  not  itself  act  as  a  primar 
hydrogen  donator.  The  changes  its  molecule  undergoes  ar 
strictly  reversible  and  involve  the  oxidation  and  reduction  of  th 
sulfur  group  alone. 

Since  a  preparation  of  fresh  tissue  rendered  almost  incapable  c 
reducing  methylene  blue  by  thorough  washing  with  cold  wate 
still  reduces  the  oxidized  form  of  the  dipeptide  and  in  conjunctio: 
with  the  latter  actively  reduces  the  dye,  it  must  presumably  stil 
contain  sources  of  labile  hydrogen. 

It  was  during  an  endeavor  to  ascertain  the  nature  of  these  b; 
the  use  of  various  solvents — among  them  boiling  water  an 
alcohol — that  the  remarkable  stability  of  a  residual  tissue  systec 
capable  of  acting  in  conjunction  with  the  sulfur  groups  of  th 
dipeptide  was  first  observed. 

A  Thermostable  Reducing  System  in  Tissues. 

i 
A  mass  of  chopped  muscle  after  it  has  been  very  thoroughl; 

washed  with  cold  water  may  be  heated  for  hours  in  water  a 

100°C.  or  repeatedly  extracted  with  boiling  water  and  finall; 

dehydrated  with  alcohol,  dried  in  vacuo,  and  ground  to  a  fin 

powder  without  losing  more  than  a  fraction  of  that  part  of  it 

1  In  all  our  experiments  the  substance  has  been  used  in  the  oxidize* 
form.  Its  effect  in  accelerating  reduction  or  oxygen  uptake  must  the] 
be  due  to  its  special  relations  with  the  tissue  or  tissue  residue.  If  addei 
in  the  reduced  form  its  own  reducing  power  must  be  allowed  for. 
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reducing  power  which  depends  upon  the  presence  of  glutathione. 
Especially  is  this  true  if  the  treatment  just  described  is  carried 
out  without  contact  with  oxygen. 

A  preparation  from  muscle  after  undergoing  such  treatment 
may  fail  by  itself  to  reduce  methylene  blue  under  any  circum- 
stances. But  if  it  be  placed  in  a  dilute  solution  of  glutathione  and 
especially  if,  as  in  our  experiments,  it  is  suspended  in  a  phosphate 
buffer  solution  of  which  the  hydrogen  ion  concentration  is  around 
about  7  to  8,  and  to  which  glutathione  in  its  oxidized  form  has 
been  added  in  amount  equal  to,  say,  10  mg.  per  gm.  of  tissue  used, 
a  system  is  established  which  reduces  with  rapidity. 

The  results  of  an  actual  experiment  may  be  quoted  here;  others 
of  a  similar  nature  are  more  fully  described  in  a  later  section.    • 

The  muscles  from  two  freshly  killed  rats  were  passed  through  a 
mincing  machine  and  the  finely  divided  tissue  was  washed  ten 
times  with  distilled  water  by  shaking  in  a  stoppered  cylinder  in 
which  the  air  above  the  fluid  was  replaced  by  nitrogen  each  time 
the  water  was  renewed.  A  portion  of  the  tissue  was  at  this  stage 
reserved,  (a),  and  the  rest  was  heated  for  2  hours  anaerobically  in 
twice  its  own  bulk  of  water  at  100°C.  A  portion  being  again 
reserved,  (b),  the  rest  was  boiled  out  six  times  with  successive  . 
quantities  of  water,  (c).  At  each  of  the  three  stages  mentioned  the 
muscle  residue  after  the  treatment  with  water  was  washed  with 
95  per  cent  alcohol  and  dried  in  vacuo  over  sulfuric  acid.  All  three 
preparations  were  then  finely  powdered  and  sampled. 

With  equal  quantities  of  dry  tissue  and  of  methylene  blue  in 
each  case  (for  details  see  the  Experimental  section)  the  reducing 
time  of  (a)  by  itself  was  3 J  hours  and  of  (b),  5 \  hours;  (c)  showed 
no  observable  reducing  power. 

Under  precisely  similar  conditions  but  with  the  addition  of  10 
mg.  of  oxidized  glutathione  per  gm.  of  dried  tissue,  (a)  reduced  in 
28  minutes,  (b)  in  24  minutes,  and  (c)  in  24  minutes  (see  also 
Series  2  a).  The  reducing  system  which  works  in  conjunction 
with,  and  only  in  conjunction  with,  the  sulfur  groupings  could 
have  suffered  scarcely  at  all  from  the  severe  treatment  described, 
as  in  each  case  the  velocity  of  reduction  remained  practically  the 
same  when  glutathione  was  restored  to  it.  The  thermostability 
of  a  catalytic — or  quasi-catalytic — system  in  the  tissue  is  indeed 
remarkable. 
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Whatever  the  nature  of  the  factors  comprised  in  the  system  it 
would,  we  think,  be  wholly  wrong  to  look  upon  them  as  other  than 
physiological. 

It  is  possible  even  with  fresh  unwashed  muscle  to  show  that 
raising  the  concentration  of  glutathione  accelerates  reduction  by 
the  tissue,  but  in  this  case  a  relatively  large  amount  should  be 
added.  Otherwise,  the  mechanism  with  which  it  is  especially 
concerned  is  merged  in  the  general  reducing  power  of  the  tissue  and 
the  effect  may  not  be  pronounced.  After  slight  washing,  sufficient 
to  remove  only  a  part  of  the  dipeptide,  the  effect  of  restoring  it 
comes  immediately  to  light.  Thorough  washing  at  ordinary 
temperature  removes  nearly  the  whole,  and  then  the  effect  of 
supplying  it  is  nearly  at  a  maximum.  As  we  have  just  seen,  the 
effect  is  the  same  after  the  tissue  has  been  finally  submitted  to 
boiling  water.  At  each  stage  of  the  treatment  factors  are  shown 
to  be  present  which  reduce  only  with  the  coagency  of  glutathione 
and  by  the  time  the  latter  has  itself  been  washed  away  the  only 
remaining  factors  of  this  sort  left  in  the  tissue  prove  to  be  entirely 
insoluble  and  thermostable.  It  does  not  follow,  of  course,  that 
these  are  the  only  factors  having  this  special  dynamic  association 
.  with  the  sulfur  groupings  of  the  dipeptide.  Other  hydrogen 
donators  may  be  soluble  in  cold  water  and  so  be  washed  away 
during  the  removal  of  the  dipeptide  itself.  But  the  thermostable 
factors  are  quantitatively  the  more  important  and  once  the  tissue 
has  been  extracted  with  cold  water  they  seem  to  be  the  only  ones 
left.  All  the  evidence  points  to  the  circumstance  that  these 
thermostable  factors  act  with  glutathione  in  the  intact  tissue. 
It  is  highly  noteworthy  in  this  connection  that  such  tissue  prep- 
arations after  thorough  extraction  with  boiling  water,  can,  in  the 
presence  (though  only  in  the  presence)  of  glutathione  and  under 
controlled  conditions,  continuously  absorb  oxygen  and  yield 
carbon  dioxide.    They,  in  a. limited  sense  at  any  rate,  "respire." 

The  thermostable  tissue  residues  actively  reduce  the  oxidized 
form  of  the  dipeptide  (as  can  easily  be  shown,  especially  in 
anaerobic  experiments,  by  the  development  of  the  nitroprusside 
reaction  which  is  given  by  the  reduced  form  alone).  Otherwise 
the  system  which  "  respires, "  or  reduces  methylene  blue,  could  not 
be  established.  Such  residues  it  would  seem  must  contain  hydro- 
gen donators  and,  presumably,  some  form  of  primary  catalytic 
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system  for  which  the  glutathione  is  a  coagent.  If  so,  the  catalytic 
system  is  remarkably  stable  and  the  hydrogen  donators  ex- 
ceedingly insoluble  in  water.  The  factors  present  in  the  tissue 
residue  together  with  the  glutathione  constitute  what  may  be 
called  the  thermostable  reducing  system  of  the  tissue.  It  should 
be  understood  that  this  contributes  not  a  negligible  fraction,  but  a 
quite  noteworthy  amount  to  the  total  reducing  power  and  "  respira- 
tion" of  the  tissue. 

Effects  of  Oxygen  on  the  Thermostable  System. 

The  residual  tissue  system  which  shows  itself  to  be  so  highly 
thermostable,  and  is  activated  by  glutathione,  is  sensitive  to 
oxidation.  The  dry  powder  when  kept  in  stoppered  bottles  only 
very  slowly  loses  its  power  of  transferring  hydrogen  to  the  sulfur 
groups  of  the  dipeptide.  On  exposure  to  the  air  in  thin  layers 
this  property  is  lost  with  somewhat  greater  rapidity.  It  is 
natural  to  suppose  that  the  ohange  is  due  to  the  slow  oxidation 
of  the  relatively  labile  hydrogen  atoms  which  in  the  presence  of 
glutathione  are  so  rapidly  activated  and  transferred  to  other 
acceptors. 

To  hydrogen  peroxide  the  thermostable  tissue  preparations  are 
exceedingly  sensitive.  A  single  observation  may  be  quoted  in 
support  of  this  statement. 

A  dry  muscle  powder  (2  gm.)  which  in  the  presence  of 
glutathione  originally  reduced  methylene  blue  with  high  velocity 
was  placed  for  15  minutes  in  50  cc.  of  a  0.5  per  cent  solution  of  the 
peroxide  and  occasionally  shaken.  It  was  filtered  off  and  very 
thoroughly  washed  with  water  until  neither  the  washings  nor  the 
powder  itself  showed  any  trace  of  peroxide  or  of  active  oxygen 
by  the  use  of  the  most  delicate  tests.  It  was  then  dried  in  vacuo. 
All  capacity  to  reduce  methylene  blue  in  the  presence  of  gluta- 
thione was  found  to  be  lost,  though  a  control  specimen  of  the 
powder,  after  equally  thorough  washing  with  water,  was  found 
to  have  lost  none  of  its  reducing  power. 

Related  to  the  above  facts  are  others  which  bear  directly  on  the 
properties  of  the  dipeptide.  A  thermostable  preparation  from 
muscle  made  on  the  lines  already  described  and  in  the  form  of  a 
dry  powder,  although  not,  as  already  stated,  entirely  resistant  to 
the  influence  of  atmospheric  oxygen,  may  yet  be  suspended  in,  say, 
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a  phosphate  buffer  solution  of  pH  7.4,  and  aerated  for  some  I 
at  room  temperature  with  a  stream  of  air,  without  losing  more 
a  small  fraction  of  its  powers  to  reduce  methylene  blue  an; 
bically,  when  subsequently  supplied  with  oxidized  glutathi 
But  suppose  a  few  mg.  per  gm.  of  tissue  of  glutathione  (w! 
absent  from  the  original  thoroughly  extracted  tissue)  be  a 
to  the  buffer  solution  before  the  aeration.  It  will  now  be  f< 
that,  after  even  relatively  brief  exposure  to  an  air  stream  at  i 
temperature,  the  tissue  will  have  wholly  lost  its  power  to  re 
under  anaerobic  conditions.  This  is  found  to  be  the  case  if 
tested  in  the  presence  of  the  glutathione  as  originally  added  b 
the  aeration,  or  on  the  other  hand,  if  in  order  to  make  the  c< 
tions  comparable  with  those  of  other  experiments,  it  be 
washed,  dried,  and  supplied  with  fresh  dipeptide. 

Such  results  indicate  clearly  that  the  thermostable  extra 
residues  from  muscle  contain  oxidizable  material,  or,  keepir 
the  point  of  view  and  terminology  chosen  for  the  purposes  o: 
discussion,  such  residues  still  retain  transponible  hydroger 
which  molecular  oxygen,  no  less  than  methylene  blue,  can  a< 
acceptor.  The  results  show  also  that  transport  to  oxygen  : 
greatly  accelerated  by  the  presence  of  the  sulfur  group  of  g] 
thione  as  is  transport  to  methylene  blue. 

It  is  clearly  desirable  that  in  such  a  connection  quantity 
data  should  be  obtained,  especially  because  with  oxygen 
changes  involved  can  be  made  to  proceed  to  completion  ins 
of  ceasing  at  an  unknown  equilibrium  point,  as  in  the  case  oi 
anaerobic  observations  made  with  methylene  blue  in  closed  ti 

For  this  purpose  we  employed  the  well  known  differentia] 
paratus  of  Barcroft  (see  Series  G  and  7  in  the  next  section). 

Suspended  in  phosphate  buffer  solutions  of  pH  7  to  8  and  shi 
with  air,  such  thermostable  preparations  as  we  have  describee 
found  by  themselves  to  take  up  oxygen  with  extreme  slownes 
not  at  all.  If,  however,  oxidized  glutathione,  showing  by  it 
of  course,  no  oxygen  uptake,  be  added  to  the  suspension  flu 
amounts  equal  to,  say,  10  mg.  per  gm.  of  dried  tissue,  a  brisk 
take  of  oxygen  occurs.  Varying  with  the  amount  of  glutath 
added,  and,  of  course,  with  the  temperature,  the  time  requ 
for  the  oxidation  to  reach  completion  is  in  the  case  of  0.5  gn 
tissue  from  1  to  5  hours.     The  total  uptake  is  of  the  orde 
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400  c.mm.  of  oxygen  per  gm.  of  dried  muscle  residue.  In  a 
later  discussion  it  will  be  shown  that  this  represents  a  by  no  means 
unimportant  fraction  of  the  normal  respiratory  uptake  of  the 
tissue  from  which  the  preparation  was  made.  Significant  is  the 
fact  that  the  uptake  of  oxygen  is  associated  with  the  production 
of  carbon  dioxide  in  definite  amount. 

It  is  difficult  to  decide  what  type  of  material,  oxidizable  by 
atmospheric  oxygen  in  the  absence  of  an  enzyme,  but  requiring 
for  its  oxidation  the  aid  of  glutathione,  can  thus  remain  associated 
with  a  tissue  residue  after  very  thorough  extraction  with  hot  water 
and  alcohol.  Until  this  is  decided,  the  full  significance  of  the 
phenomena  described  in  this  paper  will  not  be  understood.  It  is 
remarkable  that  the  respiratory  quotient  (if  in  such  a  connection 
the  term  may  be  allowed)  of  the  extracted  muscle  tissue  is  not 
constant  during  the  course  of  the  oxygen  uptake,  but  gradually 
falls  from  high  to  lower  values.  An  endeavor  to  determine  what 
is  oxidized  in  and  by  the  thermostable  system  is  in  progress. 

In  the  particular  instance  of  muscle,  one  point  in  connection 
with  the  oxidations  which  occur  in  the  thermostable  residue, 
though  it  is  probably  a  minor  one,  is  worthy  of  mention. 

In  the  case  of  yeast,  and,  almost  certainly,  in  the  case  of  cellular 
animal  tissues  such  as  hepatic  and  renal  tissue,  the  substance 
responsible  for  the  nitroprusside  reaction  given  by  the  fresh 
tissue,  is  wholly  removable  by  extraction  with  water.  The  reac- 
tion is  apparently  wholly  due  to  the  reduced  glutathione  present. 
In  muscle  fiber  this  is  not  the  case.  After  the  dipeptide  has  been 
completely  removed  from  muscle  the  fibers  still  yield  a  strong 
nitroprusside  reaction.  The  character  of  the  reaction  leaves 
little  doubt  that  it  is  due  to  a  sulfydryl  group,  and  the  suggestion 
is  that  one,  at  least,  of  the  muscle  proteins  contains  cysteine 
instead  of  cystine  in  peptide  association.  If  so,  the  case  is 
exceptional.  As  is  well  known,  the  proteins  of  the  blood  and  con- 
nective tissue  give  no  reaction,  and  though  it  is  difficult  perhaps  so 
to  wash  a  cellular  organ  as  to  obtain  an  absolutely  negative  result, 
the  residual  reaction  is  so  slight  that  it  may  well  be  due  to  remain- 
ing traces  of  adsorbed  glutathione.    This  is  not  so  with  muscle. 

In  any  case  the  fixed  —  SH  group  in  the  muscle  fiber  can  exert 
none  of  the  functions  subserved  by  that  present  in  the  soluble 
dipeptide.    The  extracted  residues  which  give  in  all  cases  a 
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strong  nitroprusside  reaction  are,  as  we  have  seen,  by  themselves 
quite  incapable  of  reducing  methylene  blue  or  of  taking  up  oxygen. 
An  interesting  phenomenon  in  which  both  the  " fixed' '  sulfur 
group  and  the  sulfur  group  of  glutathione  are  concerned  may  be 
easily  observed.  The  sulfydryl  as  it  exists  in  the  tissue  residue  is 
itself  scarcely  at  all  autooxidizable.  When  the  muscle  residue  is 
suspended  in  water  or  buffer  solutions  and  the  suspension  thor- 
oughy  aerated,  or  when  it  is  shaken  in  a  Barcroft  apparatus, 
as  in  the  experiments  just  described,  the  nitroprusside  reaction 
survives  almost  indefinitely.  If,  however,  glutathione  be  added 
to  the  solution  before  the  aeration,  the  fixed  —  SH  is  oxidized  and 
the  strong  nitroprusside  reaction  originally  given  by  the  tissue 
residue  rapidly  disappears.  One  of  the  tissue  constituents  of  which 
the  oxidation  is  catalyzed  by  the  sulfur  group  of  glutathione  is, 
therefore,  itself  a  sulfur  group.2  It  is  clearly  not  the  only  con- 
stituent so  oxidized  because  the  " respiration* '  of  the  thermostable 
residue  involves  always  the  production  of  carbon  dioxide. 

Oxygen  Uptake  by  Washed  but  Unheated  Tissue. 

In  discussing  the  influence  of  glutathione  in  promoting  oxygen 
uptake  we  have  hitherto,  for  convenience  in  discussion,  referred 
chiefly  to  its  effect  upon  heated  tissue  residues.  Since  it  acts 
with  these  it  would  be  expected  to  act  with  tissues  simply 
washed.  It  undoubtedly  does  so;  but  for  the  clear  display  of  this 
property  certain  experimental  conditions  must  be  secured.  If 
muscle,  after  thorough  washing  with  cold  water,  but  without 
further  treatment,  be  supplied  with  glutathione  and  shaken 
in  a  Barcroft  apparatus  under  conditions  similar  to  those  already 
described,  an  uptake  of  oxygen  is  observed;  but  it  is  slow  and  ir- 
regular. If,  however,  the  washed  residue  be  first  extracted  with 
alcohol,  or  if  it  receive  only  a  very  brief  preliminary  treatment 
with  alcohol — the  alcohol  being  then  completely  removed  by  fur- 
ther washing  with  water — the  moist  residue. will  now,  in  the 
presence  of  glutathione  show  a  steady  uptake  of  oxygen,  which  if 
due  allowance  be  made  for  any  variation  in  the  water  content, 

1  *  A  paper  by  Dixon  and  Tunnicliffe  on  the  conditions  controlling  the 
oxidation  of  -SH  groups,  which  will  shortly  be  published  from  this  labo- 
ratory, contains  results  which  bear  upon  the  above  phenomenon. 
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Will  be  found  equal  to  the  uptake  of  a  heated  preparation.  This 
correspondence  is  easily  shown  if  the  unheated  and  heated  pre- 
parations are  both  employed  in  the  form  of  a  dry  powder.  There 
seems  to  be  little  doubt  that  the  effect  of  the  preliminary  treatment 
is  on  permeability.  Heat  and  treatment  with  alcohol  seem  to 
influence  this  on  similar  lines.  It  is  noteworthy  that  although, 
as  we  have  repeatedly  stated,  a  washed  residue  without  treatment 
establishes  with  the  dipeptide  a  system  which  actively  reduces 
methylene  blue  yet  even  in  this  case  preliminary  washing  with 
alcohol  or  heating  to  100°C.  increases  the  velocity  with  which  the 
system  reduces., 

The  Stability  of  Glutathione. 

It  is  important  for  proper  appreciation  of  the  part  played  by  the 
dipeptide  in  the  phenomena  we  have  described,  to  realize  that 
when  its  addition  evokes  activity  in  inactivated  tissue  prepara- 
parations,  this  is  not  because  it,  itself,  acts  as  a  primary  hydrogen 
donator  or  oxygen  acceptor.  Its  molecule  is  not  oxidized  in  the 
sense  that,  say,  succinic  acid  is  oxidized  by  isolated  tissues,  or  in 
the  sense  that  the  various  substances  studied  by  Thunberg  are 
oxidized  anaerobically  by  washed  tissue  in  the  presence  of  methy- 
lene blue.  As  Thunberg  found  that  glutamic  acid,  one  of  its 
constituent  amino-acids,  is  so  oxidized,  it  might  be  expected  that 
the  dipeptide  would  suffer  the  same  fate.  This  is  not  so.  To- 
judge,  at  least  from  experiments  with  excised  tissue,  its  molecule 
as  a  whole  is  stable.  In  its  case  hydrogen  attached  to  carbon  is 
not  mobilized,  but  only  that  attached  to  sulfur.  The  reversible- 
change  from  the  sulfydryl  to  the  disulfide  grouping  is  the  essential 
happening. 

In  proof  of  this  statement  we  rely  in  particular  upon  the  study 
of  equilibria.  When  in  anaerobic  experiments  with  washed  tissue 
and  methylene  blue  a  substance  which  acts  as  a  primary  hydrogen 
donator  is  added  to  the  system  (succinic  acid,  for  instance,  as  a 
precursor  of  fumaric  acid)  the  amount  of  methylene  blue  reduced 
when  equilibrium  is  reached  will  naturally  be  proportionate  to 
the  amount  of  donator  supplied.  This  is  not  the  case  when 
glutathione  is  in  question.  The  final  equilibrium  in  "the  system  is 
quite  independent  of  the  amount  present.  This  is  clearly  seen 
from  the  results  of  a  series  of  observations  (Series  3)  in  the  next 
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section.  An  8-fold  increase  in  the  concentration  (the  weight  of 
tissue  being  the  same)  is  seen  to  have  no  effect  whatever  upon  the 
amount  of  methylene  blue  finally  reduced.  On  the  other  hand  the 
velocity  of  reduction  increases  with  the  concentration  of  the  dipep- 
tide.  Such  results  are  consistent  with  the  properties  of  a  sub- 
stance concerned  with  hydrogen  transport  on  the  lines  assumed  in 
the  course  of  this  discussion,  but  the  facts  could  not  apply  to  one 
acting  as  the  primary  hydrogen  donator. 

Equally  definite  evidence  is  obtained  from  a  study  of  the  effects 
of  varying  the  concentration  upon  the  oxygen  uptake  of  a  tissue 
residue.  The  results  of  Series  7,  for  instance,  show  that  a  4-fold 
increase  in  the  concentration  of  glutathione,  while  increasing  the 
velocity  of  uptake,  made  no  difference  to  the  amount  of  oxygen 
ultimately  taken  up. 

It  may  be  well  to  point  out  that  tissue  preparations  have  no 
power  to  oxidize  glutathione  as  the  result  of  such  surface  activity 
as  that  involved  in  the  oxidation  of  amino-acids  by  charcoal. 

Warburg*  has  recently  demonstrated  that  various  substances, 
including  certain  amino-acids,  such  as  leucine,  tyrosine,  and 
cystine,  are  completely  oxidized  when  their  solutions  are  shaken 
with  blood  charcoal  in  the  presence  of  air.  No  such  property  as 
this  belongs  to  the  tissue  residues  either  when  moist  or  when  they 
have  been  dried  and  ground  to  a  fine  powder.  We  could  discover 
at  least  no  trace  of  ammonia  or  carbon  dioxide  production  when 
leucine  or  tyrosine  solutions  were  shaken  for  long  periods  in  the 
presence,  e.g.  of  a  dried  muscle  powder  supended  in  the  fluid. 
Warburg  obtained  striking  results  with  cystine.  In  this  case  the 
behavior  of  a  tissue  residue  differs  entirely  from  that  of  charcoal. 
It  reduces  the  cystine  to  cysteine  and  then  follow  effects  qualita- 
tively similar  to  those  observed  with  glutathione. 

The  Relation  of  Glutathione  to  other  Respiratory  Systems. 

The  total  reducing  power  of  any  tissue  represents  doubtless  the 
sum  of  the  activities  of  several  different  types  of  chemical  mechan- 
ism. This  is  equally  true  of  its  total  capacity  for  oxygen  con- 
sumption. It  is  becoming  evident,  indeed,  in  a  greater  number  of 
cases  than  was  previously  recognized,  that  a  catalytic  agency  which 

*  Warburg,  O.,  and  Negelein,  E.,  Biochem.  Z.,  1921,  cxiii,  257. 
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promotes  a  respiratory  process  may  be  one  which  under  other 
conditions  is  responsible  for  reductions. 

A  cold  water  extract  of  a  tissue  contains  those  oxidizing  agencies 
which  are  at  present  known. more  particularly  as  "oxidases" — 
the  alcoholase  of  Batelli  and  Stern,  catalysts  of  the  tyrosinase 
type,  purine  oxidases,  and  the  like.  To  these,  or  to  some  of  them, 
and  to  the  simultaneous  presence  of  substances  upon  which  they 
act  (individually  present  in  minute  amounts)  a  cold  water  extract 
of  a  tissue  owes  part  of  its  reducing  power.  Morgan,  Stewart,, 
and  Hopkins  (1922),  for  instance,  have  shown  that  tissue  extracts 
oxidize  xanthine  and  hypoxanthine  anaerobically  in  the  pres- 
ence of  methylene  blue,  the  latter  acting  as  the  hydrogen  acceptor 
in  what  is  probably  a  hydrolytic  oxidation-reduction  process. 
There  is  no  good  reason  to  suppose  that  the  catalyst  here  concerned 
is  distinct  from  the  xanthine  "oxidase"  of  other  authors.  Its 
action  has  usually  been  studied  under  aerobic  conditions  when 
oxygen  instead  of  methylene  blue  becomes  the  hydrogen  acceptor. 

The  point,  however,  that  we  wish  to  emphasize  here  is  that  so 
far  as  we  have  been  able  to  discover,  glutathione  exercises  no 
functions  in  connection  with  oxidizing  agencies  of  this  type.  If, 
at  any  rate,  it  be  added  to  a  cold  water  extract  of  muscle  the 
velocity  with  which  such  an  extract  reduces  methylene  blue  is, 
at  most,  but  slightly  accelerated.  The  sulfur  group  seems  to  have 
no  relation  with  the  soluble  tissue  enzymes. 

As  is  well  known,  Batelli  and  Sterns  have  distinguished  from  the 
soluble  oxidases  certain  insoluble  agencies  in  the  tissues  which 
they  have  called  oxydones.  The  activities  of  these  are,  so  far  as 
we  know  at  present,  associated  with  the  tissue  structure  as  left 
after  extraction  with  cold  water.  Such  agencies  may  represent 
something  more  than  the  equivalent  of  specific  enzymes;  they 
may  comprise  surface  effects  or  other  such  factors.  It  is  abun- 
dantly certain,  however,  that  animal  tissues  after  the  most  complete 
extraction  with  cold  water  retain  unstable  oxidation-reduction 
mechanisms  possessed  of  marked  activity.  Their  activity  can  be 
demonstrated  either  by  the  occurrence  of  direct  oxidation  in  the 
presence  of  air  or  by  indirect  anaerobic  oxidations  brought  about 
in  the  presence  of  such  a  substance  as  methylene  blue.  The  sys- 
tems in  question  are  thermolabile  and  characteristically  unstable. 
It  is  by  means  of  mechanisms  of  this  class  that  excised  tissues  so 
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readily  oxidize  succinic  and  citric  acids  (Thunberg,  and  Batelli 
and  Stern)  and  probably  by  similar  means  many,  if  not  all,  of  the 
substances  in  the  extended  list  recently  studied  by  Thunberg  are 
oxidized. 

With  these  insoluble  but  unstable  catalytic  mechanisms,  as 
with  the  soluble  catalysts,  the  sulfur  constituent  of  the  cell 
would  again  seem  to  have  no  concern.  Studying  at  any  rate  the 
typical  cases  of  the  oxidation  of  succinic  and  citric  acids,  or  rather, 
the  power  of  these  substances  to  act  as  oxygen  acceptors  (or 
hydrogen  donators)  in  the  process  of  methylene  blue  reduction, 
we  have  found  that  glutathione  exerts  in  these  connections  no 
influence.  The  washed  tissue  with  little  or  no  reducing  power  of 
its  own  reduces  actively  when  succinic  acid  is  supplied.  If  to  this 
combination  glutathione  is  also  supplied  the  effects  observed  are 
merely  additive  (Series  4) .  It  would  seem  indeed  that  the  power  to 
reduce  the  disulfide  ( — S — S  — )  group  to  the  sulf ydryl  group  ( — SH) 
and  thus  to  establish  with  glutathione  a  system  which  can  trans- 
port hydrogen  to  methylene  blue,  or  on  the  other  hand  a  system 
which  is  autooxidizable,  is  to  a  peculiar  degree  attached  to  agencies 
which  are  not  enzymes  and  are  neither  extracted  nor  destroyed 
by  boiling  water.  Furthermore,  we  have  so  far  been  unable  to 
prove  with  certainty  that  any  known  soluble  tissue  constituent  or 
metabolite  is  oxidized  under  the  influence  of  the  system  constituted 
by  the  thermostable  residue  plus  glutathione.  No  pure  substance 
yet  tried  has  by  its  addition  to  the  system  increased  the  amount 
of  methylene  blue  it  can  reduce  or  added  to  its  total  oxygen  uptake. 
Nevertheless,  we  have  so  fractionated  and  concentrated  aqueous 
muscle  extracts  as  to  obtain  preparations  which  do  affect  equilib- 
rium in  the  system  to  a  marked  degree. 

The  Relation  of  Glutathione  to  the  Atmungskorper  of  Meyerhof. 

There  seemed  from  the  first  to  be  grounds  for  supposing  that 
glutathione  with  its  active  sulfur  group  might  be  identical  with 
the  "respiratory  substance' '  (Atmungskorper)  of  Otto  Meyerhof 
(1918),  or,  at  least,  form  part  of  a  chemical  system  described  under 
that  name.  Since  the  first  brief  account  of  the  properties  of  the 
dipeptide  was  published  this  possibility  has  occurred  to  others.4 

4  Compare  Dakin,  H.  D.,  Physiol.  Rev.,  1921,  i,  403. 
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3  years,  indeed,  before  glutathione  was  isolated,  Meyerhof  had 
fully  considered  the  possibility  that  his  Atmungskorper  might  be 
a  substance  carrying  the  —  SH  group,  and  he  endeavored  to  test  the 
matter  experimentally.  He  points  out  in  a  highly  interesting 
paper  that,  broadly  speaking,  there  is  a  parallelism  between  the 
intensity  of  the  nitroprusside  reaction,  as  given  by  a  yeast  extract 
or  "Kochsaft"  and  the  activity  of  such  an  extract  in  restoring 
respiratory  activity  to  washed  acetone  yeast.  In  his  experiments 
cysteine  appeared  to  have  no  such  effect,  but  in  order  to  test  that 
matter  further  he  studied  the  influence  of  thioglycollic  and  thio- 
lactic  acids.  He  found  as  a  matter  of  fact  that  when  a  yeast 
residue,  inactivated  by  washing,  was  suspended  in  a  neutral  or 
slightly  acid  solution  of  either  of  these  substances,  an  uptake  of 
oxygen  occurred,  considerably  in  excess  of  what  would  be  required 
to  oxidize  the  added  thio-acid  to  the  disulfide  form. 

The  properties  of  the  substances  employed  by  Meyerhof  were, 
however,  such  as  to  make  the  precise  meaning  of  the  experimental 
results  somewhat  obscure.  The  author  found,  for  instance,  that 
if  thioglycollic  or  thiolactic  acid  be  added  to  the  tissue  in  the  form 
of  the  corresponding  disulfide  derivative,  neither  substance  pro- 
motes oxygen  transport.  The  reason  must  be  that  the  tissue  does 
not  reduce  the  —  S  — S  —  group  of  these  compounds.6  The 
processes  involved  do  not  seem  to  be  in  any  obvious  sense  reversi- 
ble, therefore,  and  it  is  difficult  under  the  circumstances  to 
understand  how  the  —  SH  group  of  these  thio-acids  can  promote 
continuous  oxygen  transport. 

On  the  other  hand,  as  we  have  many  times  pointed  out,  the 
disulfide  form  of  glutathione  is  freely  reduced  by  tissues,  or  washed 
tissue  preparations,  a  characteristic  which  in  this  connection  seems 
to  be  highly  important. 

Meyerhof  noted  another  quality  in  the  sulfur  group  of  thio- 
glycollic acid  (the  substance  most  fully  studied)  which  renders 
remarkable  its  ability  to  promote  under  the  conditions  of  his 
experiments  the  uptake  of  oxygen  by  a  washed  tissue. 

In  neutral  or  slightly  acid  solutions  (pH  6  to  7)  the  —  SH  group 
of  this  acid  is  stable  and  not  autooxidizable,  yet  it  is  only  in  solu- 

8  Since  the  above  was  written  we  have  ourselves  found  that  dithiodi- 
glycollic  acid  is,  as  a  matter  of  fact,  reduced  by  washed  muscle  and 
washed  acetone  yeast.  The  addition  of  these  substances  does  piomote 
oxygen  transport,  though  much  less  efficiently  than  glutathione. 

The  above  remarks,  based  upon  Meyerhof  s  own  findings,  therefore 
lose  their  point. 
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tions  with  this  range  of  pH  that  the  substance  promotes  respiration 
of  the  washed  tissue.  In  more  alkaline  solutions  it  is  itself  auto- 
oxidizable,  but  then  does  not  promote  respiration,  because  as 
soon  as  it  is  oxidized  to  the  disulfide  form  its  relations  with  the 
tissue  cease.  Here  again  the  properties  of  the  natural  constituents 
differ  in  a  significant  sense.  The  —  SH  group  of  glutathione  is 
autooxidizable  in  neutral  solution  and  it  promotes  the  uptake  of 
oxygen  by  a  washed  tissue  within  just  that  range  of  pH  in  which 
it  is  itself  autooxidizable,  and  also  capable  of  reduction  by  the 
tissue.  It  would  seem  at  first  sight  as  though  the  sulfur  group  of 
the  natural  constituent  is  more  likely  to  possess  the  functions 
generally  pictured  for  the  Atmungskorper  than  that  of  thio- 
glycollic  acid.  Nevertheless,  the  facts  brought  forward  in  previous 
sections  of  this  paper  show  that  it  is  impossible  to  identify  the 
dipeptide  with  any  substance  supposed  to  stimulate  respiratory 
processes  in  general.  Meyerhof,  having  observed  that  the 
influence  of  the  sulfur  group  of  thioglycollic  acid  was  but  little 
affected  when  the  tissue  residue  (washed  yeast)  had  undergone 
heating  to  100°C.,8  pointed  out  that  this  must  constitute  the  most 
important  distinction  between  the  thio-compound  and  an  agent  of 
the  coferment  class,  to  which,  ex  hypothesi,  the  Atmungskorper 
belongs. 

From  our  own  standpoint,  as  maintained  throughout  the  present 
paper,  the  fact  that  the  activities  of  the  sulfur  group  seem  to  be 
unrelated  to  enzyme  activities  does  not  remove  biological  signifi- 
cance from  the  former;  but  enough  has  been  said  in  previous 
sections  to  show  that  there  are  processes  involved  in  the  sum  total 
of  respiratory  activity  with  which  it  has  no  direct  concern. 

Meyerhof 's  fundamental  observation  which  led  to  the  concep- 
tion of  the  Atmungskorper  was  the  activation  of  washed  tissues  by 
a  tissue  "Kochsaft."  It  is  not  unimportant  to  consider  all  that 
is  involved  in  this  phenomenon.  A  considerable  part  at  least  of 
the  oxygen  uptake  which  occurs  is  due  to  the  fact  that  relatively 
insoluble  catalysts  present  in  the  washed  tissue  are  again  supplied 
with  soluble  oxygen  acceptors  from  which  the  original  washing 
divorced  them. 

•When  we  first  observed  that  glutathione  worked  with  heated  tissue 
residues  we  were  unaware  that  Meyerhof  had  3  years  before  (1918)  made 
the  above  observation  with  thioglycollic  acid. 
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Any  of  the  numerous  substances  proved  by  Thunberg,  by  Batelli 
and  Stern,  and  by  Meyerhof  to  be  oxidized  by  a  washed  tissue, 
or  shown  in  the  later  work  of  Thunberg  to  be  capable  of  acting  as 
hydrogen  donators,  may  constitute  oxidizable  material  in  a 
Kochsaft.  The  concentration  of  any  one  of  them  will  admittedly 
be  very  low,  but  now  that  we  know  they  may  be  numerous  it 
must  be  recognized  that,  collectively,  their  oxidation  may  account 
for  a  considerable  oxygen  uptake.  As  already  stated  the  oxidation 
of  such  substances — as  represented  by  succinic,  citric,  and  certain 
amino-acids — by  thermolabile  catalysts  in  the  tissue  is  unaffected 
by  the  presence  or  absence  of  glutathione.  There  is,  on  the  other 
hand,  no  evidence  to  show  that  these  particular  oxidations  require 
the  presence  of  a  soluble  coagent  of  any  sort. 

Some  observations  of  our  own,  concerned  with  animal  tissues 
only,  have  a  bearing  on  these  considerations.  We  have  prepared 
on  Meyerhof 's  lines  from  perfectly  fresh  tissues  very  active  samples 
of  Kochsaft  and  have  found  that  such  preparations,  if  not  exposed 
to  the  air,  retain  their  activity  for  long  periods.  On  the  other 
hand  we  found  that  if  the  tissues  from  which  they  were  prepared 
were  allowed  to  stand  before  extraction,  the  extracts  made  from 
them  grew  progressively  less  active  as  the  time  allowed  for 
survival  or  postmortem  changes  in  the  tissue  was  made  longer. 
Such  results  suggest  the  disappearance  of  oxidizable  material 
during  the  course  of  survival  events  rather  than  the  destruction 
of  a  coferment.  We  are,  of  course,  not  suggesting  that  a  Kochsaft 
contains  no  substance  of  such  a  type.  Meyerhof's  classical 
studies  have  shown  that  it  does.  We  find,  however,  one  difficulty 
in  connection  with  the  present  discussion.  It  seems  to  be  com- 
monly assumed,  though  not  by  Meyerhof  himself,  that  the 
Atmungskorper  is  a  single  substance  stimulating  respiratory 
processes  as  a  whole.  If  that  were  so  it  would  certainly  be  an 
agent  quite  distinct  from  glutathione.  If,  on  the  other  hand,  the 
name  may  be  taken  to  connote  the  activities  of  two  or  more 
substances  each  related  to  some  particular  aspect  of  respiratory 
oxidations,  then  glutathione  shows  itself  to  be  one  of  these;  its 
activity  being  more  particularly,  though  not  exclusively,  ^related 
to  respiratory  factors  (whatever  they  may  prove  to  be)  which  re- 
main intact  in  a  tissue  when  it  has  been  heated. 
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A  direct  experimental  demonstration,  however,  even  of  this 
established  fact  is  not  easy  by  the  use  of  Kochsaft  preparations. 
The  concentration  of  glutathione  in  a  Kochsaft  may  be  con- 
siderably increased  with  relatively  little  effect  upon  its  activity 
when  added  to  a  washed  tissue.  This,  we  think,  is  partly  because 
the  effect  is  at  first  swamped  in  the  progress  of  rapid  oxidations 
which,  as  we  have  just  pointed  out,  proceed  without  the  influence 
of  any  soluble  coagent.  There  is,  however,  a  further  circumstance 
of  importance.  The  physical  condition  of  a  washed  tissue  is  such 
that  part  of  its  uptake  of  oxygen  which  depends  specifically  upon 
the  presence  of  glutathione  is  slow  (see  above).  On  the  other 
hand,  the  preliminary  treatment  with  alcohol  which,  as  we  have 
seen,  so  efficiently  promotes  the  combined  activity  of  the  tissue  and 
the  sulfur  group  renders  the  former  entirely  inactive  towards  the 
other  constituents  of  a  Kochsaft.  Such  facts  as  these  require 
further  study  for  their  elucidation. 

EXPERIMENTAL. 

Section  1.  Anaerobic  Experiments. 

All  our  measurements  of  reduction  velocity  were  made  under 
anaerobic  conditions.  The  tissue  preparations  were  suspended  in 
a  phosphate  buffer  solution  contained  in  test-tubes  which  could  be 
evacuated.  The  tubes  employed  (somewhat  similar  to  those  used 
by  Thunberg)  are  4$  inches  long  with  a  diameter  of  |  inch.  A 
short  side  tube  projects  from  a  tubular  neck  which  is  ground  to 
receive  a  hollow  glass  stopper  perforated  by  a  hole  at  the  level  of 
the  side  tube.  The  tubes  are  evacuated  when  the  hole  has  been 
made  to  correspond  with  the  opening  of  the  side  tube,  and  if  a 
suitable  stopper  grease  be  used  a  vacuum  is  maintained  almost 
indefinitely  after  the  tube  has  been  closed  by  turning  the  stopper. 
For  the  purpose  of  our  experiments  it  was  found  sufficient  to 
evacuate  the  tubes  by  means  of  a  good  filter  pump.  In  order, 
however,  that  the  small  residual  oxygen  tension  should  be  iden- 
tical in  any  series  involving  a  comparison,  branch  connection  tubes 
were  provided  so  that  six  or  more  of  the  test-tubes  could  be  con- 
nected at  once  with  the  same  pump,  and  so  exhausted  to  exactly 
the  same  degree. 

All  the  determinations  of  reduction  time  recorded  in  the  follow- 
ing tables  were  made  in  a  phosphate  buffer  solution  containing 
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primary  potassium  phosphate  and  secondary  sodium  phosphate 
(Sorensen).    Almost  invariably  the  pH  of  the  system  was  7.6. 
The  glutathione,  which  is  itself  markedly  acid,  was  dissolved  in 
a  somewhat  more  alkaline  phosphate  mixture  (e.g.y  of  pH  8)  and 
the  solution  then  adjusted  to  7.6,  the  volume  being  also  adjusted 
to  yield  a  known  concentration  of  the  dipeptide.    The  required 
amount  of  a  tissue  preparation  was  first  weighed  into  a  reduction 
tube.     It  was  then  covered  with  a  known  volume  of  the  buffer 
solution,  either  plain  or  containing  glutathione  (or  other  substance 
to  be  tested)  in  known  amount.    The  final  volume  and  the  pH 
were  always  made  the  same  in  each  tube  of  a  series  under  com- 
parison.   The  methylene  blue  solution  was  added  last  and  the  tube 
or  tubes  immediately  evacuated.    After  exposure  to  the  tension 
of  the  pump  for  a  standard  time  (usually  3  minutes  after  the 
manometer  registered  a  steady  pressure)  the  tubes  were  closed  and 
transferred  to  a  bath  at  37°C.    In  most  of  the  experiments  which 
'were  concerned  with  a  comparison  of  reduction  velocities  very 
small  amounts  of  methylene  blue  were  employed  (0.2  to  0.3  cc. 
of  1:5,000).    The  observations  were  thus  shortened  without  any 
loss  of  significance  in  the  results.    When  final  equilibria  were  to 
determined  stronger  solutions  of  the  dye  were  employed.    The 
nd-point  taken  coincided  with  complete  decolorization  of  the 
~fc> issue  mass  as  well  as  of  the  supernatant  fluid. 

The  observations  recorded  in  the  tables  which  follow  represent 
nly  a  small  proportion  of  the  consistent  series  which  have  been 
The   records   occupy   much   space.    We  have  selected, 
herefore,  results  which  are  typical  of  the  average. 

Series  L  Tissue  Extracted  with  Cold  Water  Only. 

The  muscle  (or  other  tissue)  after  excision  was  finely  chopped 
"^rith  sharp  scissors  until  a  homogeneous  almost  pasty  mass  result- 
It  was  then  transferred  to  a  stoppered  cylinder  and  well  shaken 
successive  quantities  of  distilled  water.    The  ease  with  which 
he  glutathione  contained  in  the  original  tissue,  together  with  other 
lucing  factors,  is  removed  varies  somewhat  with  the  tissue 
employed.    In  the  case  of  frog  muscle  six  successive  washings  with 
to  60  times  its  weight  of  distilled  water  will  usually  yield  a 
preparation  with  very  small  residual  reducing  power.    In  the 
<2ase  of  fresh  muscle  from  the  rabbit  or  rat  we  have  usually  em- 
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ployed  -ten  washings.  After  each  successive  washing  the  tis 
mass  was  squeezed  in  a  linen  cloth.  If  its  reducing  power  was 
be  studied  in  the  moist  condition  the  mass  was  finally  pres 
between  filter  papers  and  the  amount  required  for  an  experim 


TABLE  I. 


Washed  tissue  preparation. 


(a)  Frog  muscle. 


(b)  Rat  muscle. 


.0.5 
0.5 
0.25 
0.5 

.0.6 
0.6 
0.3 
0.3 
0.6 

.0.5 
0.5 

0.5 
0.5 


(e)  Ox  muscle  as  dry  powder 0.2 

0.2 
0.2 


(c)  Rabbit  muscle. 


(d)  Ox  muscle. 


(f)   Rabbit  kidney. 


.0.5 
0.5 
0.5 


Buffer  solution 
(pH  7.6). 

Oxidised  gluta- 
thione. 

Methylene  blue 
1:5,000. 

cc. 

mg. 

cc. 

5 

0 

0.3 

5 

2 

0.3 

5 

2 

0.3 

5 

4 

0.3 

3 

0 

0.2 

3 

2 

0.2 

3 

0 

0.2 

3 

2 

0.2 

3 

4 

0.2 

3 

0 

0.3 

3 

4 

0.3 

3 

0 

0.3 

3 

4 

0.3 

3 

0 

• 
0.3 

3 

2 

0.3 

3 

4 

0.3 

3 

0 

0.3 

3 

4 

0.3 

3 

8 

0.3 

Reductic 
time. 


kra. 

6-h 
0 
1 
0 

0 
0 
1 
0 
0 

2 
0 

5+ 
0 

6 
0 
0 

5 
0 
0 


The  few  results  recorded  in  Table  I  are  sufficient  to  show  the  restora 
of  reducing  power  to  washed  tissue  which  results  when  glutathion 
supplied.  The  latter,  which  was  always  employed  in  the  oxidized  fc 
has  itself  no  reducing  power.  In  all  cases  except  (e),  the  tissue  prep 
tion  was  weighed  moist.  Prepared  as  described  above  the  tissue  resic 
have  a  water  content  which  is  somewhat  higher  than  that  of  the  orig 
tissue.  The  preparations  were  made  immediately  after  the  death  of 
animal  except  in  the  case  of  ox  muscle,  (d)  and  (e),  which  was  prepi 
from  butchers'  meat  (rump  steak). 
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eighed  out  as  quickly  as  possible,  into  the  tubes.    Occasionally 
washed  tissue  was  dried  in  vacuo  over  sulfuric  acid  and  finally 
ound  to  powder. 

eries  2.  Tissue  Residues  after  Extraction  with  Boiling  Water. 

After  the  activity  (in  conjunction  with  glutathione)  of  ther- 
ostable  tissye  residues  was  first  observed  we  found  it  desirable 
for  the  purpose  of  comparisons  to  deal  with  dry  powdered  prepara- 
tions prepared  on  standard  lines.  When,  for  instance,  the  activity 
of  a  preparation  obtained  by  simply  washing  the  original  tissue  is 
'to  be  compared  with  that  of  the  same  tissue  after  heating  to  100°C, 
or  after  extraction  with  hot  water,  a  change  in  the  physical  con- 
dition of  the  preparation  may  somewhat  affect  the  velocity  with 
which  it  reduces  methylene  blue  or  takes  up  oxygen.  If  both 
preparations  are  dried,  reduced  to  powder,  and  properly  sampled — 
treatment  which  does  not  at  all  reduce  the  capacity  to  work  with 
glutathione — the  comparison  is  more  accurate. 

The  tissue  may  be  first  thoroughly  extracted  with  cold  water  and 
subsequently  heated  to  100°C.  and  dried.  It  is  best,  however, 
^fco  arrest  survival  processes  by  heating  immediately  after  removal 
from  the  animal.  Our  standard  preparations  which  in  the  case 
of  muscle  show  remarkable  uniformity  of  behavior  were  made 
£ls  follow^. 

The  tissue  is  put  through  a  mincing  machine  and  immediately 

thrown  into  about  thrice  its  bulk  of  boiling  water.    After  cooling 

it  is  squeezed  in  a  linen  cloth  and  then  quickly  extracted  six  times 

^dth  successive  small  quantities  of  boiling  water.    It  is  finally 

^washed  with  a  small  quantity  of  alcohol,  dried  over  sulfuric  acid 

-in  vacuo,  powdered,  and  sampled. 

All  the  tissue  preparations  in  Table  II  were  used  in  this  form. 

Series  2a. — The  two  experiments  described  under  this  head 

illustrate  how  small  is  the  effect  upon  the  activity  of  a  tissue  with 

glutathione  when  simple  washing  is  followed  by  extraction  with 

hot  water. 

In  each  case  the  muscle  was  first  washed  ten  times  with  60 
times  its  weight  of  distilled  water  under  anaerobic  conditions 
(nitrogen).  A  portion  of  this  washed,  but  unheated,  preparation 
was  reserved  for  experiment.  The  remainder  was  placed  in  a 
flask  just  covered  with  water  and  then  heated  on  the  water  bath 
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for  2  hours  in  an  atmosphere  -of  nitrogen.  A  portion  was  again 
reserved  at  this-  stage.  The  rest  was  finally  extracted  six  times 
with  boiling  distilled  water.  A  portion  of  the  residue  at  each  stage 
was  washed  once  with  96  per  cent  alcohol,  dried  in  a  vacuum  desic- 
cator, powdered,  and  sampled.  Preparation  A  was  from  ox  muscle 
(beef);  Preparation  B  was  from  the  muscle  of  a  recently  killed 

rabbit. 

table  n.  • 


Timue  preparation 
weighed  in  form  of  dry  powder. 


gm. 

(a)  Frog  muscle 0.2 

0.2 

(b)  Rat  muscle 0.2 

0.2 

(c)  Rabbit  muscle 0.2 

0.2 

(d)  Rabbit  muscle,  another  prepa- 

ration   0.2 

0.2 

(e)  Ox  muscle 0.2 

0.2 

Same  preparation  heated  fur- 
ther  0.2 

0.2 

(f)  Rabbit  muscle 0.5 

0.5 
0.5 


a 

■85 


cc. 

3 
3 

3 
3 

3 
3 


3 
3 

3 
3 


3 
3 

3 
3 
3 


3-8 

O 


fty. 
0 

4 

0 
2 

0 
4 


0 
4 

0 
2 


0 
2 

0 
2 

8 


9 


9 

a. 


Ja*d 


ee. 
0.2 


0.2 
0.2 

0.2 
0.2 


0.2 
0.2 

0.2 
0.2 


0.2 
0.2 

0.2 
0.2 
0.2 


Reduction 
tune. 


Art. 
24+ 

0 

12+ 
0 

24+ 
0 


20 
0 


5 
0 


9+ 
0 

7 
0 
0 


mtn. 


22 


17 


18 


12 

36 
30 


28 

20 
15 

4 


In  each  observation  the  tissue  was  suspended  in  a  phosphate 
buffer  solution  of  pH  7.6.  The  dipeptide  added  was  dissolved  in 
a  similar  fluid  with  pH  adjusted  to  the  same  figure.  The  total 
volume  in  each  tube  was  the  same  (2 J  cc).  Dried  tissue  0.2  gm., 
glutathione  4  mg.,  methylene  blue  0.2  cc.  (1 : 5,000).  The  figures 
are  the  times  taken  for  complete  reduction. 
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Although  the  residual  reducing  power  of  the  tissue  by  itself 
became  zero  after  final  treatment  the  reduction  with  glutathione 
remained  as  active  as  after  simple  washing.  When  the  washed 
tissue  is  tested  in  its  original  moist  condition  heating  to  100°C. 
always  markedly  increases  the  velocity  with  which  it  reduces  in 
the  presence  of  the  dipeptide. 

Series  3. — Experiments  were  carried  out  to  determine  the  effect 
of  varying  the  concentration  of  glutathione  upon  the  total  amount 
of  methylene  blue  reduced  when  equilibrium  is  attained.  The 
observations  were  made  in  evacuated  test-tubes  on  the  lines 
already  described.  The  tissue  employed  was  muscle  in  the  form 
of  the  thermostable  preparation,  dried  and  powdered.  The  dipep- 
tide was  dissolved  in  a  phosphate  buffer  and  the  solution  finally 
made  to  contain  8  mg.  in  1  cc.  at  pH  7.6. 

TABLE  III. 


Washed 
anaerobically. 


Heated  2  hra. 


Extracted 
with  hot  water. 


Tissue  alone. 


Preparation  A, 
B. 


u 


kra. 

min. 

kra. 

min. 

hra. 

3 

16 

5 

16 

20+ 

2 

8 

2 

30 

20+ 

mtn. 


Tissue  plus  glutathione. 


Preparation  A. 
B. 


u 


0 
0 

30 
21 

0 
0 

25 
19 

0 
0 

26 
19 


For  each  experiment  four  series  of  tubes  were  prepared,  every 
tube  containing  0.2  gm.  of  dried  tissue.  The  first  series  contained 
in  each  tube  2  mg.  of  glutathione,  the  second  series  4  mg.,  the 
third  8  mg.,  and  the  fourth  16  mg.  In  each  series  the  amount 
of  methylene  blue  (1:1,000)  was  increased  in  successive  tubes  by 
increments  of  0.1  cc.  The  total  volume  of  fluid  was  made  in  every 
tube  the  same,  variations  in  the  quantity  of  glutathione  solution 
being  balanced  by  suitable  additions  of  buffer  solution,  and  varia- 
tions in  the  methylene  blue  solution  by  additions  of  distilled  water^ 
To  each  tube  1  drop  of  chloroform  was  added.  All,  after  evacua- 
tion, were  placed  in  a  bath  at  35°C.  and  left  over  night.  When 
equilibrium  was  reached  the  point  of  transition  from  a  tube  in 
which  the  contents  still  showed  a  faint  blue  color  to  one  which  was 
colorless  was  noted  in  each  series. 
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The  wide  variations  in  the  concentration  of  the  dipeptide  had 
little  or  no  effect  upoii  the  equilibrium  point. 

In  one  experiment  with  rabbit  muscle  the  contents  of  the  tube 
in  the  first  series  containing  1.2  cc.  of  methylene  blue  were  faintly 
but  definitely  blue.  The  next  tube  (1.1  cc.)  was  colorless.  This 
point  of  transition  was  identical  in  each  of  the  four  series;  with  2 
mg.  of  glutathione  it  was  exactly  the  same  as  with  16  mg.,  though 
in  the  latter  case  equilibrium  was  reached  much  sooner.  The 
tissue  preparation  by  itself  showed  no  reducing  power. 

In  a  second  experiment  carried  out  on  similar  lines  with  a 
preparation  of  rabbit  muscle,  made  with  special  precautions  to 
avoid  oxidation  during  the  earlier  stages  of  washing  and  extraction, 
the  point  lay  between  1.7  and  1.8  cc.  of  methylene  blue  and  was 
again  identical  in  each  series. 

In  an  experiment  with  frog  muscle  it  lay  in  each  series  between 
0.8  and  1.0  cc.  Sometimes  in  such  experiments  the  results  were 
not  quite  so  sharp,  it  being  difficult  to  distinguish  with  certainty 
between  two  adjacent  tubes  in  a  series.  Even  an  8-fold  increase 
in  the  concentration  of  the  dipeptide  was  never  observed,  however, 
to  make  an  appreciable  difference  in  the  equilibrium  point, 
whereas,  no  matter  what  the  concentration  of  the  associated 
dipeptide,  an  increase  in  the  amount  of  tissue  produced  always  a 
proportionate  increase  in  the  amount  of  methylene  blue  finally 
reduced. 

Such  results  show  that  glutathione  cannot  itself  be  a  primary 
hydrogen  donator  in  the  reducing  system  which  it  establishes  with 
the  tissue  residue  (see  also  Series  8). 

Series  4- — A  number  of  experiments  have  been  carried  out  to 
discover  whether  known  metabolites  can  act  as  primary  hydrogen 
donators  when  added  to  the  system  constituted  by  a  washed  tissue 
residue  and  glutathione;  in  other  words  to  decide  whether  the 
anaerobic  oxidation  of  such  substances  by  a  tissue  residue  in  the 
presence  of  methylene  blue  is  accelerated  by  the  sulfur  group  of  the 
dipeptide.  In  general,  negative  results  have  been  obtained; 
but  the  enquiry  is  by  no  means  complete.  It  will  be  sufficient  for 
the  purposes  of  the  present  paper  to  give  certain  illustrative 
cases. 

The  oxidation  of  succinic  and  citric  acids  by  tissue  catalysts 
has  been  much  studied,  and  Thunberg  has  shown  that  these  acids 
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act  typically  as  hydrogen  donators  in  the  reduction  of  methylene 
blue  by  washed  muscle. 

The  following  observations  show  that  the  presence  of  glutathi- 
one is  without  effect  upon  the  velocity  of  this  reduction. 

Preparation  A  was  one  of  rat  muscle  washed  ten  times  with  distilled 
water  under  conditions  made  as  anaerobic  as  possible.  It  was  not  heated 
and  was  weighed  moist.  Preparation  B  was  rabbit  muscle  extracted  six 
times  with  boiling  water,  washed  with  alcohol,  dried,  and  powdered.  The 
succinic  and  citric  acids  were  dissolved  in  phosphate  buffer  solution  ad- 
justed to  pH  7.6.  The  final  solution  was  one-tenth  molar,  and  1  cc.  was 
used  for  each  observation.  The  glutathione  (oxidized  form)  was  also  in 
7.6  buffer  solution,  1  cc,  containing  4  mg.,  being  employed.  Adjustments 
to  secure  equal  volumes  were  made  with  plain  buffer  solution  also  at  pH  7.6. 
Methylene  blue  0.2  cc.  (1:5,000).  Observations  in  evacuated  test-tubes  as 
before.  The  figures  in  Table  IV  are  times  taken  for  complete  reduction 
at  35°C. 

TABLE  IV. 


Tissue  alone 

"       with  glutathione 

"         "     succinic  acid 

"         "     glutathione  and  succinic  acid 

"         "     citric  acid 

"         "     glutathione  and  citric  acid 


Preparation  A 
0.5  gm. 

Prepan 
0.2 , 

hra. 

min. 

hra. 

5 

26 

24+ 

0 

34 

0 

0 

33 

24+ 

0 

16 

0 

0 

55 

24+ 

0 

21 

0 

mm. 

26 

* 
28 

28 


In  the  unheated  Preparation  A  the  catalysts  responsible  for  the 
oxidation  of  succinic  and  citric  acids  (the  oxydones  of  Batelli  and 
Stern)  are,  of  course,  intact.  It  will  be  seen  from  the  table  that 
glutathione  has  no  apparent  effect  upon  the  anaerobic  activity  of 
these.  The  reduction  velocity  induced  when  glutathione  is  added 
to  either  acid  represents  only  the  combined  effect  of  each  con- 
stituent acting  with  its  own  proper  mechanism.  In  the  case  of 
the  heated  Preparation  B  the  oxydones  are  destroyed.  The 
presence  of  succinic  or  citric  acid  has  in  this  case  no  effect  upon  the 
reduction  velocity  induced  by  glutathione  alone. 

Many  experiments  of  the  above  type  have  been  made,  using  a 
variety  of  substances  in  the  place  of  the  above  acids.  Only  in  the 
case  of  lactic  acid  has  evidence  so  far  been  obtained  to  show 
that  the  anaerobic  oxidation  of  the  substance  is  influenced  by  the 
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presence  of  the  dipeptide.  Even  in  this  case  the  requisite  con— 
ditions  are  somewhat  difficult  to  define.  The  experiments  whicl* 
bear  upon  the  matter  will  form  the  subject  of  a  separate  paper. 

Section  2.  Observations  on  Oxygen  Uptake. 

Series  5. — The  following  observations  show  on  other  lines  that 
what  we  have  called  thermostable  tissue  residues  contain  oxidizable 
materials.  The  oxidation  of  these  by  atmospheric  oxygen  is 
however,  exceedingly  slow,  except  when  glutathione  is  present. 
It  then  becomes  characteristically  rapid. 

A  thermostable  preparation  of  rabbit  muscle  made  on  the  lines 
already  described  and  in  the  form  of  a  powder  was  found,  as  in 
all  cases,  to  show  by  itself  little  or  no  power  of  reducing  methylene 
blue.    In  the  presence  of  glutathione  it  reduced  freely. 

table  v. 


Original  preparation 

Aerated  alone  (6  hrs.) 

in  the  presence  of  glutathione  (3  hrs.) 


it 


Reduction 
time. 

hr$. 

min. 

0 

18 

0 

22 

5 

14 

1  gm.  of  the  powder  was  suspended  in  a  phosphate  buffer  solution 
(pH  7.6)  and  the  suspension  briskly  aerated  at  room  temperature  for 
6  hours.  A  second  gm.  was  similarly  suspended  but  in  the  presence  of 
10  mg.  of  glutathione.  This  was  aerated  also  at  room  temperature  and 
side  by  side  with  the  above,  but  for  3  hours  only.  Both  samples  were 
filtered  off,  thoroughly  washed  side  by  side  until  the  second  sample  was 
again  free  from  dipeptide,  and  then  dried  in  vacuo  so  as  to  be  comparable 
with  the  original  powder.  The  portions  thus  treated  were  then  compared 
in  respect  of  their  residual  reducing  power  with  the  original  preparation. 
The  figures  given  in  Table  V  are  for  0.2  gm.  of  the  preparation,  4  mg.  of 
oxidized  glutathione  being  supplied  in  each  case.  Conditions  as  in  previ- 
ous experiments  with  methylene  blue. 

The  results  in  Table  VI  were  obtained  in  the  case  of  rat  muscle, 
prepared  and  treated  on  lines  similar  to  the  above.  The  aeration 
was  carried  out  at  35°C. 

Such  experiments  show  that  the  thermostable  preparations  con- 
tain hydrogen  donators  which  are  quickly  oxidized  by  molecular 
oxygen  in  the  presence  of  the  sulfur  group  of  the  dipeptide,  but 
which  show  considerable  resistance  to  oxidation  in  its  absence. 
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Series  6. — The  oxygen  uptake  of  thermostable  tissue  residue  in 

^•lie  presence  of  glutathione  was  determined  quantitatively  in  the 

familiar  differential  apparatus  of  Barcroft.    A  weighed  quantity 

of  the  preparation  under  study,  suspended  in  a  measured  quantity 

of  a  buffer  solution  containing  a  known  amount  of  glutathione 

(pH   usually  7.6),   was  placed  in  one  flask  of  the  apparatus. 

KOH  for  the  absorption  of  CO2  was  present  in  the  chamber 

provided.    In  the  second  flask  was  placed  a  quantity  of  distilled 

water  or  buffer  solution  equal  to  that  in  the  first.    The  apparatus 

after  proper  adjustment  was  then  shaken  in  a  water  bath  at  known 

temperature  until  cessation  of  movement  in  the  manometric 

fluid  showed  that  the  oxygen  uptake  was  complete.    Control 

observations  (e.g.  with  the  tissue  preparation  in  the  absence  of 

glutathione)  were  usually  made  in  a  second  apparatus  shaken 

side  by  side  with  the  first.    Apart  from  the  ordinary  careful 

TABLE  VI. 


Original  preparation 

Aerated  alone  (1J  hrs.) 

"       in  the  presence  of  glutathione  (1J  hrs.) 


Reduction 
time. 


hra. 

0 
0 

CO 


mm. 

17 
24 


calibration  of  the  instruments  it  is  then  important  if  velocity  of 
uptake  is  under  study,  to  make  sure  that  they  yield  strictly  com- 
parable results.  In  the  case  of  a  system  such  as  that  constituted 
by  a  suspension  of  a  tissue  a  relatively  small  difference  in  the  shape 
of  the  flasks  may  appreciably  affect  the  rate  of  uptake.  It  is  in 
any  case  best  to  use  flat  bottomed  flasks  shaped  so  as  to  secure 
a  relatively  large  surface  for  the  suspension  fluid. 

The  observations  recorded  in  Table  VII  show  the  total  oxygen 
uptake  of  various  thermostable  preparations  in  the  form  of  a  dry 
powder  suspended  in  a  buffer  solution.  It  should  be  observed 
that  as  the  dipeptide  was  always  added  in  the  oxidized  form  there 
was  no  need  to  allow  for  oxygen  taken  up  by  preexisting  —  SH 
groups.  If  any  such  experiment  be  stopped  before  the  uptake  of 
oxygen  by  the  system  is  complete  a  nitroprusside  reaction  can 
always  be  observed  in  the  suspension  fluid,  showing  that  the  tissue 
preparation  has  reduced  the  disulfide  group.    When  the  oxygen 
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uptake  has  ceased  no  reaction  is  obtained.  The  hydroge 
donators  in  the  tissue  are  then  exhausted  and  the  reduced  dipej 
tide  itself  reoxidized. 

Series  7. — Experiments  were  done  to  determine  the  carbo 
dioxide  production  which  is  associated  with  the  oxygen  uptake  < 
thermostable  tissue  preparations.  It  is  easy  to  demonstrate  tht 
CO2  is  actually  produced  and  that  its  production  with  any  apprt 
ciable  velocity  is  dependent  upon  coagency  of  glutathione.  ] 
a  gram  or  two  of  a  dried  preparation  be  suspended  in  water,  or  in 
buffer  solution,  and  if  the  suspension  be  then  briskly  aerate 
with  a  stream  of  air  which  is  subsequently  led  through  a  solutio 
of  barium  hydroxide,  scarcely  any  visible  clouding  will  be  see 

TABLE  VII. 


Tissue  preparation. 


gm. 

Rabbit  muscle 0.5 

0.5 
0.2 

Rabbit  muscle.      Another 

preparation 0.5 

0.5 

Rat  muscle .0.5 

0.5 
0.5 


Gluta- 

Tem- 

Total 

Time 

thione 

pera- 

oxygen 

for  complete 
uptake. 

present. 

ture. 

uptake. 

mg. 

°C. 

c.mm. 

Ara. 

min. 

0 

20 

6 

4 

4 

20 

209 

4 

8 

20 

82 

U 

0 

20 

8 

3 

10 

8 

20 

205 

3 

10 

0 

20 

0 

3 

20 

4 

20 

211 

3 

20 

8 

35 

201 

1 

50 

UpU 

per 

1  firm 

tiasu 

preps 

rmtioi 

c.mm 

IS 
41£ 
41C 

16 

41C 

C 

422 

404 


even  in  the  course  of  several  hours.  If,  however,  a  few  mill 
grams  of  glutathione  be  added  to  the  suspension  the  baryta  sok 
tion  begins  to  cloud  almost  at  once.  This,  as  other  experiment 
show,  is  not  due  to  the  oxidation  of  the  dipeptide  itself. 

To  measure  the  CO2  production  two  separate  sets  of  the  Barcrol 
apparatus,  known  to  give  corresponding  results,  were  employe 
simultaneously.  In  one  of  these  potash  was  placed  in  the  flas 
containing  the  tissue,  whereas  in  the  other  apparatus  no  potas 
was  present.  Exactly  similar  quantities  of  tissue  preparatioi 
glutathione,  and  buffer  solution  were  placed  in  each  and  the  tw 
were  shaken  side  by  side.  The  difference  shown  in  the  respectiv 
manometer  readings  measures  the  CO2  production. 
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To  save  space  the  results  of  one  experiment  only  will  be  given 
(Table  VIII).    They  are  typical  of  others  obtained  except  that  in 

CO* 


different  experiments  the  actual  rate  with  which  the  ratio 


O, 


falls  off  may  vary  somewhat. 

Series  8. — Several  experiments  were  made  to  determine  the 
effect  of  varying  the  concentration  of  glutathione  upon  the  total 
uptake  t)f  oxygen  by  the  system  constituted  by  a  thermostable 
tissue  residue  and  the  dipeptide.  The  results  were  entirely 
consistent  in  showing  that  wide  variations  in  the  concentration, 
while  of  course,  influencing  the  velocity  of  uptake,  have  no  effect 
upon  the  total  amount  of  oxygen  finally  absorbed.  Such  results 
confirm  those  obtained  with  the  methylene  blue  technique  (Series 
3)  in  showing  that  the  dipeptide  is  not  itself  oxidized. 

table  vra. 

Rabbit  muscle,  dry  preparation,  0.2  gm.,  glutathione  8  mg.,  buffer 
solution  3  cc,  bath  at  35 °C. 


Oxygen 
absorbed. 

COi  produced. 

COt 
Ot 

Next  30        "      

c.tntn. 

27.2 
33.2 
12.1 

c.tntn. 

27.2 

20.0 

4.0 

1.0 
0.6 

Final  35         "      

0.33 

We  give,  in  the  form  of  curves  of  oxygen  uptake,  the  results  of 
a  typical  observation  of  this  kind.  It  will  be  seen  that  a  4-fold 
increase  in  the  concentration  of  the  dipeptide  (the  amount  of 
tissue  remaining  the  same)  while  it  about  doubled  the  initial 
velocity  of  uptake  had  no  effect  upon  the  total  amount  of  oxygen 
absorbed. 

DISCUSSION   OF  RESULTS. 

Considered  from  any  standpoint  that  is  familiar,  the  circum- 
stance that  a  not  inconsiderable  part  of  the  respiratory  activity  of 
a  tissue  can  depend  upon  factors  that  are  completely  thermostable 
must  appear  surprising.  The  conclusion  that  such  factors  func- 
tion in  life  is  one  which  seems,  at  first  sight,  difficult  to  accept. 
We  think,  nevertheless,  that  if  the  evidence  be  duly  considered 
this  conclusion  becomes  inevitable. 


556 


Glutathione 


With  regard  to  the  substance  glutathione  it  would  seem  that  th 
properties  of  its  sulfur  group  are  such  that  once  the  presence  oJ 
the  dipeptide  in  a  tissue  has  been  shown,  a  recognition  of  the  fact* 
that  it  exerts  a  real  influence  in  the  processes  of  reduction  and 
oxidation  as  they  occur  in  that  tissue  follows  almost  as  a  corollary. 

The  — SH  group  under  the  physical  and  chemical  conditions  which 
exist  in  living  tissue  is  certainly  autooxidizable.  It  is  equally 
certain  that  once  the  —  SH  group  has  given  place  to  the  — =■  S— S— 


Fia.  1.  Curves  showing  uptake  of  oxygen  by  0.5  gm.  of  thermostable 
muscle  residue  (rabbit)  in  phosphate  buffer  solution  at  pH  7.6  and  20°C. 
(a)  In  the  presence  of  16  mg.  of  glutathione  (upper  curve) ;  (b)  in  the  pres- 
ence of  4  mg.  of  glutathione  (middle  curve);  and  (c)  by  tissue  residue 
alone  without  dipeptide  (lower  curve).  The  glutathione  was  added  in  the 
oxidized  form  which  absorbs  no  oxygen  until  reduced  by  the  tissue. 

It  is  seen  that  a  4-fold  increase  in  the  concentration  of  the  dipeptide, 
while  increasing  the  initial  velocity  of  uptake,  had  no  effect  upon  the 
total  amount  of  oxygen  absorbed.  The  curves  indicate  that  the  extracted 
residue  contains  a  definite  limited  amount  of  material  readily  oxidizable 
in  the  presence  of  glutathione,  but  oxidized  only  very  slowly  in  its  absence. 
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group  as  the  result  of  such  oxidation  there  are  factors  in  the  tissues 
which  promptly  restore  equilibrium  by  fresh  reduction  of  the  latter. 
This  ability  to  reduce  the  sulfur  groupings  is  displayed  in  high 
degree  by  a  tissue  during  the  first  stages  of  its  survival  processes; 
that  is,  immediately  after  its  removal  from  the  body,  though  the 
intact  tissue  loses  it  in  process  of  time.  It  follows  that  when  the 
—  SH  group  is  undergoing  oxidation,  or  (in  a  possible  case)  when 
its  hydrogen  is  being  transferred  to  some  other  acceptor,  a  certain 
concentration  of  this  oxidizable  group  is  maintained  so  long  as  the 
tissue  contains  transponible  hydrogen  for  the  purpose.  Whether, 
therefore,  the  quantitative  importance  of  this  process  in  the  tissues 
be  small  or  large  it  seems  to  follow  from  the  properties  of  the 
sulfur  group  and  from  the  particular  oxidation  and  reduction 
potentials  which  exist  in  the  tissues  that  glutathione  must  play 
a  part  in  certain  respiratory  activities.  What  is  remarkable, 
however,  is  the  fact  that  its  part  in  the  tissues  should  apparently 
be  played,  not  in  connection  with  processes  of  a  familiar  type; 
not,  that  is  to  say,  with  chemical  reactions  controlled  by  enzymes 
or  unstable  catalysts,  but  in  relation  with  tissue  elements  which 
are  heat-stable  and,  directly,  at  least,  with  materials  which  are 
insoluble  in  aqueous  media.  It  should  be  understood  that  al- 
though little  has  been  said  of  the  matter  in  the  present  communica- 
tion there  is  evidence  to  show  that  soluble  metabolites  do,  when 
proper  conditions  are  secured,  come  under  the  influence  of  what 
we  have  called  the  thermostable  system.  The  facts  which  bear 
upon  this  statement  will  be  given  in  a  later  paper. 

It  is  scarcely  possible  to  deny  that  the  thermostable  residue 
described  in  this  paper  as  reducing  and  "respiring"  in  the  presence 
of  the  sulfur  group  of  glutathione  (but  effectively,  only  in  its 
presence)  really  represents — doubtless  imperfectly — a  system  with 
actual  functions  in  the  living  cell. 

A  freshly  excised  normal  tissue  freely  reduces  the  disulfide 
group  in  neutral  solution  and  at  the  temperature  of  the  body 
(a  property  which  chemically  speaking,  is  itself  exceptional); 
the  same  tissue  after  thorough  washing  with  water  or  normal 
saline  solution  exhibits  still  the  same  property,  and  no  one  prob- 
ably will  deny  that  this  is  due  to  factors  surviving  from  the  original 
tissue.  When,  however,  the  washed  tissue  residue  is  subsequently 
repeatedly  extracted  with  hot  water  the  final  residue  retains 
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almost  undiminished  the  reducing  power  in  question.  Whatever 
factors  are  then  responsible  it  is  scarcely  logical  to  suppose  that 
essentially  they  are  other  than  those  which  confer  the  same 
property  on  the  original  tissue.  Yet  it  is  precisely  this  power 
of  reducing  the  disulfide  group  to  the  autooxidizable  sulfydryl 
group  that  makes  any  system  containing  glutathione  an  active 
mechanism. 

It  is  noteworthy  that  the  activities  which  are  established  when 
glutathione  is  brought  into  relation  with  a  tissue  which  has  been 
simply  well  washed  with  cold  water  show  little  if  any  quantitative 
difference  if  the  same  tissue  has  been  first  completely  extracted 
with  boiling  water.  They  are  scarcely  affected  if  the  tissue  be 
finally  dried  and  powdered.  In  this  particular  relation  the 
properties  of  what  we  have  called  the  thermostable  residue  are 
identical  with  those  of  a  tissue  simply  washed. 

It  is  certainly  not  easy  to  picture  what  precisely  can  be  the 
factors  of  constitution  in  the  thermostable  residue  which  determine 
its  peculiar  relations  with  sulfur  groupings.  It  is  sure  that  it  does 
not  act  exclusively  in  a  physical  sense  as  a  colloidal  system.  The 
fact  that  the  uptake  of  oxygen,  which  it  exhibits  in  the  presence 
of  glutathione  is  associated  with  a  definite  output  of  CO*  shows 
that  materials  are  actually  oxidized  in  the  system.  The  dipeptide 
in  conferring  activity  upon  it  undergoes  itself  no  change  other  than 
reversible  changes  which  are  confined  to  the  sulfur  group.  The 
materials  oxidized  are,  therefore,  certainly  present  in  the  tissue 
residue  itself,  and  are  apparently  very  closely  associated  with  the 
remains  of  structural  elements.  They  do  not  represent  merely  a 
residuum  from  soluble  metabolites  imperfectly  removed  during 
the  treatment.  When  a  tissue  has  been  well  washed  and  then 
twice  or  thrice  extracted  with  boiling  water  no  amount  of  sub- 
sequent extraction  affects  the  extent  of  oxygen  uptake  which 
occurs  when  the  preparation  is  afterwards  aerated  in  the  presence 
of  glutathione.  In  the  case  of  muscle  this  uptake  seems  indeed 
to  have  a  definite  and  characteristic  value,  being  nearly  the  same 
in  preparations  made  from  the  muscle  of  different  individuals,  and, 
to  judge  from  a  few  observations,  even  of  different  species. 

The  nature  of  the  materials  thus  closely  associated  with  the 
solid  elements  of  a  tissue,  and  displaying  towards  oxygen  the  pecul- 
iar relations  described,  is  as  yet  obscure.    They  are  not  apparently 
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of  a  lipoid  nature  because  extraction  of  a  dried  preparation  with 
alcohol  and  ether  does  not  diminish  its  activity.  It  is  remarkable 
that  during  the  course  of  oxygen  uptake  the  respiratory  quotient 
of  the  thermostable  system  characteristically  falls  from  a  high 
initial  value  to  one  which  is  near  zero. 

It  is  clear  that  in  the  oxidations  (anaerobic  or  aerobic)  involved 
the  dipeptide  accelerates  transport  and  acts  as  a  " carrier.' '  In 
this  sense  it  is  a  catalyst.  It  would  seem  that  catalytic  functions 
of  a  kind  must  also  be  ascribed  to  the  residual  tissue  structures  in 
spite  of  the  fact  that  their  influence  withstands  the  effects  of  heat. 
We  have  at  least  been  quite  unable  to  find  any  substance  physio- 
logical or  other  which  by  itself  in  neutral  aqueous  solution  and  at 
ordinary  temperatures  is  capable  of  reducing  the  disulfide  group, 
or  upon  the  oxidation  of  which  under  such  circumstances  the 
dipeptide  exerts  any  influence.  It  is  possible  that  the  molecules 
which  suffer  oxidation  are  in  some  way  orientated  as  the  result 
of  their  association  with  tissue  structures.  If  so,  the  configura- 
tion must  be  very  stable. 

While  there  is  much  that  is  obscure  in  the  phenomena  involved 
the  facts  in  our  opinion  fully  justify  the  claim  that  a  non-enzymic 
oxidation-reduction  system  represented  by  the  thermostable 
residue  plus  the  sulfur  grouping  of  glutathione  actually  functions 
in  the  cell. 

It  is,  of  course,  quite  another  matter  to  decide  what  actual  share 
of  the  normal  respiratory  activities  of  a  living  tissue  can  be 
attributed  to  the  chemical  mechanism  under  consideration.  It 
is,  indeed,  scarcely  possible  to  obtain  real  information  of  any  such 
kind  from  experiments  such  as  ours,  or  from  those  of  others  using 
a  similar  technique.  When  the  tissues  are  chemically  dissected 
and  partially  reconstituted,  the  quantitative  relationships  among 
interacting  factors  and  no  less  their  spatial  relations  are  neces- 
sarily greatly  disturbed. 

Such  technique  can  satisfactorily  and  conclusively  demonstrate 
the  existence  of  a  particular  chemical  mechanism  in  a  tissue; 
quite  other  evidence  must  decide  what  precise  quantitative  part 
it  plays  in  support  of  normal  tissue  activities  as  a  whole. 

Apart  from  reference  to  tissues  normally  metabolizing  it  is  not 
even  a  simple  matter  to  decide  what  proportion  of  the  whole 
oxidation-reduction  capacity  possessed  by  a  freshly  excised  tissue 
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is  reproduced  when  glutathione  alone  is  added  to  a  residue  which 
has  been  rendered  inactive  by  washing. 

It  should  be  fully  understood  that  in  our  experiments  the  reduc- 
tion velocities  recorded,  and  no  less  the  rates  of  oxygen  uptake, 
were  for  the  most  part  obtained  by  supplying  to  the  system  con- 
stituted by  a  washed,  or  by  a  washed  and  heated,  tissue  sus- 
pended in  buffer  solution  a  quantity  of  glutathione  much  greater 
than  what  would  be  contained  in  a  corresponding  weight  of  the 
original  tissue.  We  have  usually  supplied  from  2  to  8  mg.  per 
gm.  of  tissue,  whereas  1  gm.  of  fresh  muscle  contains  probably 
no  more  than  0.25  mg.  It  is  difficult  to  determine  what  may  be 
the  potentiality  of  this  lower  concentration  when  it  exists  in  pro- 
per relations  with  the  tissue  structure. 

As  the  result  for  instance  of  heating  fresh  intact  muscle  to  100°C. 
the  velocity  with  which  it  reduces  methylene  blue  is  very  greatly 
reduced;  so  much  so  that  a  superficial  observation  might  decide 
that  the  reducing  power  had  disappeared,  though  this  is  by  no 
means  the  case.  The  reduction  proceeds  very  slowly  to  an  equilib- 
rium which  may  be  reached  very  rapidly  when  sufficient  gluta- 
thione is  supplied.  In  the  latter  case  the  relative  importance  of 
the  thermostable  system  (compared  with  that  of  other  reducing 
systems  present  in  the  original  tissue  but  destroyed  by  heat) 
may  seem  to  be  exaggerated  by  an  artificial  increase  in  one  of  its 
constituent  factors.  It  is  equally  sure  on  the  other  hand,  that 
relying  on  the  velocity  of  change,  its  importance  would  be  much 
underestimated  if  the  behavior  of  the  heated  fresh  tissue  without 
addition  were  alone  considered.  It  would  be  entirely  wrong  to 
assume  from  this  that  with  the  relatively  low  concentration 
of  glutathione  present  in  fresh  muscle  the  reducing  mechan- 
ism described  in  this  paper  is  under  normal  circumstances 
of  quite  small  quantitative  importance.  A  cell  constituent 
possessing  functions  such  as  those  claimed  for  glutathione  can 
scarcely  fail  to  have  in  the  intact  tissue  an  unequal  distribution. 
It  will  be  locally  concentrated  in  correlation  with  its  functions. 
The  disintegration  due  to  such  treatment  as  heating  to  100°C. 
must,  especially  in  the  case  of  a  very  soluble  and  diffusible  sub- 
stance, gravely  disturb  such  efficient  distribution.  Moreover, 
in  experiments  upon  methylene  blue  reduction,  or  upon  oxygen 
uptake,  the  tissue  must  almost  necessarily  be  suspended  in  a  fluid, 
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nd  into  this  soluble  constituents  diffuse.  The  effective  local 
Concentration  becomes,  therefore,  greatly  reduced.  If  it  is  to  be 
Restored  by  increasing  the  concentration  in  the  fluid  this  increase 
Hiay  need  to  be  considerable. 

In  our  experiments  with  preparations  deprived  altogether  of 
'their  stock  of  glutathione  by  extraction  with  water,  cold  or  hot, 
"the  dipeptide  was  restored  by  adding  it  to  the  fluid  in  which  they 
^vere  suspended  to  the  extent  of  about  1  to  2  parts  per  1,000  (about 
©.002  m).  Although  as  already  stated  the  artificial  system  (tissue 
preparation  plus  fluid)  contained,  as  a  whole,  much  more  of  the 
substance  than  would  appertain  to  a  corresponding  weight  of  the 
original  tissue,  it  is  unlikely  that  the  concentration  maintained 
»t  the  actual  locus  of  change  was  above  normal.  It  was  quite 
probably  much  less.  The  reduction,  it  should  be  understood, 
proceeds  within,  or  at  the  surface  of,  a  solid  phase  (the  tissue 
xesidue),  and  not  in  solution. 

For  any  attempted  appraisement  of  the  relative  quantitative 
importance  of  the  phenomena  involved,  comparisons  of   final 
^Cfuilibria  are,  owing  to  limitations  in  the  available  experimental 
methods,  perhaps  more  significant  than  comparisons  of  velocity. 
Even  from  these,  however,  it  is  difficult  to  draw  satisfactory 
conclusions.    A  dry  preparation  from  muscle,  representing  what 
-we  have  called  throughout  this  discussion  the  thermostable  residue 
^vhen  "respiring"  under  the  influence  of  glutathione,  takes  up  in 
all  about  400  c.mm.  of  oxygen  per  gm.     This  amount  appears  to 
l^e  characteristic  and  constant  for  preparations  made  on  the  lines 
described  in  the  last  section.    Calculated  for  moist  tissue  it  means 
an  uptake  of  rather  more  than  100  c.mm.  per  gm.    If  we  take 
Thunberg's  figures  for  the  respiration  of  excised  frog  muscle  at 
20°C.  this  corresponds  with  the  consumption  of  the  intact  tissue  for 
a  period  of  1J  hours.    If,  again,  we  take  Verzar's  figure  for  the 
respiration  of  mammalian  muscle  in  situ  the  above  figure  corre- 
sponds to  the  consumption  of  something  less  than  \  hour.    It  is 
not  easy  to  determine  satisfactorily  what  is  the  total  capacity  for 
oxygen  uptake  possessed  by  a  given  weight  of  fresh  excised  muscle. 
To  judge  from  approximate  data  obtained  by  ourselves  the  uptake 
of  the  thermostable  system  is  about  one-tenth  of  the  total  possible 
uptake  of  the  tissue  from  which  it  is  prepared. 
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Such  figures,  however,  have  but  a  limited  application.  They 
give  no  conclusive  information  as  to  the  relative  importance  of 
events  in  a  tissue  normally  metabolizing.  What  is  sure  (as  it  seem£ 
to  us)  is  that  in  the  living  cell  catalysis  by  enzymes  is  associated 
with  quite  another  type  of  catalysis.  How  they  are  related  in 
the  chemical  organization  of  the  cell  as  a  whole  can  only  be  estab- 
lished by  much  further  study. 

SUMMARY. 

When  a  tissue  is  washed  until  it  has  lost  its  power  of  reducing 
methylene  blue  the  subsequent  addition  of  glutathione  to  a  buffer 
solution  in  which  the  tissue  residue  is  suspended  restores  reducing 
power. 

This  is  the  case  when  the  dipeptide  is  added  in  its  oxidized 
(disulfide)  form.  The  tissue  residue  first  reduces  the  sulfur  group 
and  a  system  is  thus  established  which  under  anaerobic  conditions 
continuously  reduces  methylene  blue  until  an  equilibrium  is 
reached. 

A  tissue  washed  until  it  no  longer  "respires"  will,  when  suitably 
treated  and  supplied  with  glutathione,  again  take  up  oxygen  and 
yield  carbon  dioxide. 

Such  part  of  its  reducing  power  and  respiratory  activity  as  is 
regained  by  a  washed  tissue  on  the  restoration  of  glutathione  re- 
mains almost  unaffected  when  the  tissue  is  heated  to  100°C.  or 
even  thoroughly  extracted  with  boiling  water. 

The  residue  from  muscular  tissue  so  heated  and  extracted  will 

in  the  presence  of  glutathione  take  up  about  400  c.mm.  of  oxygen 

per  gm.  of  dry  material.    During  the  earlier  stages  of  oxygen  uptake 

CO 
the  quotient  -^  is  usually  about  unity;  later  it  falls  to  lower 

O2 
values. 

Glutathione  does  not  appear  to  be  a  coagent  in  any  known 
enzymic  system. 

The  facts  suggest  that  coexisting  in  living  tissues  with  the  special- 
ized enzymic  mechanisms  is  a  thermostable  mechanism  for  oxida- 
tions and  reductions.  Materials  in  some  close  association  with 
structural  elements  are  oxidized,  anaerobically  or  aerobically,  with 
the  coagency  of  the  sulfur  group  in  glutathione. 
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►TE  ON  A  COLORIMETRIC  METHOD  FOR  THE  DETER- 
MINATION OF  SMALL  AMOUNTS  OF  MAGNESIUM. 

By  F.  S.  HAMMETT  and  E.  T.  ADAMS. 
Z^rom  The  Wistar  Institute  of  Anatomy  and  Biology,  Philadelphia.) 

(Received  for  publication,  September  6,  1922.) 

Che  recent  publication  by  both  Briggs1  and  Denis2  of  colori- 
fcric  methods  for  the  determination  of  small  amounts  of  mag- 
ium  based  on  the  colorimetric  procedure  for  phosphorus  of  Bell 
i.  Doisy,8  led  us  to  compare  our  method  of  separation  of  the 
C4MgP04  precipitate  by  filtration4  with  their  method  of  separa- 
a  by  centrifugation. 

'.  t  was  found  that  separation  by  filtration  and  subsequent  diges- 
^  of  the  asbestos  and  precipitate  with  dilute  HC1  invariably 
^e  results  which  were  slightly  greater  than  those  obtained  by 
"trifuging  off  the  NH4MgP04  and  solution  of  the  dried,  washed 
^ipitate  in  the  centrifuge  tube.  A  search  for  the  source  of 
3  discrepancy  led  to  the  discovery  that  the  best  acid-washed 
^stos  contains  sufficient  phosphorus,  or  other  substances 
►.able  of  giving  the  Bell-Doisy  color  reaction,  to  yield  a  well 
Lned  colorimetric  test.  A  similar  finding  was  obtained  with 
j)  made  from  the  best  grade  of  filter  paper. 
%  is  therefore  obvious  that  the  separation  of  NH4MgP04  by 
ration  is  attended  with  the  possibility  of  a  difficultly  controllable 
s  error,  and  that  separation  by  centrifugation  as  proposed  by 
-h  Briggs  and  Denis  is  to  be  preferred. 

*Ve  have,  therefore,  modified  our  procedure,  in  that  we  now 

cipitate  the  magnesium  as  previously  described   in  25  cc. 

trifuge  tubes,  scratch  the  sides  of  the  tubes  well,  and  allow  the 

cture  to  stand  over  night.     The  precipitate  is  centrifuged  off, 

Briggs,  A.  P.,  J.  Biol.  Chem.,  1922,  lii,  349. 
Denis,  W.,  J.  Biol.  Chem.,  1922,  lii,  411. 
Bell,  R.  D.,  and  Doisy,  E.  A.,  J.  Biol.  Chem.,  1920,  xliv,  65. 
Hammett,  F.  S.,  and  Adams,  E.  T.,  J.  Biol.  Chem.,  1922,  lii,  211. 
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washed  twice  with  10  per  cent  NH4OH  and  once  with  ammoniacal 
alcohol,  dried,  and  dissolved  in  10  cc.  of  0.1  n  HC1  in  the  tube. 
The  subsequent  procedure  is  as  already  described. 

We  have  also  found  that  a  cause  of  the  fading  of  the  color  pro- 
duced in  the  Bell-Doisy  method,  mentioned  by  them,  by  Randies 
and  Knudson,5  and  by  Briggs1  is  the  use  of  old  carbonate-sulfite 
solutions  in  which  much  oxidation  of  sulfite  to  sulfate  has  occurred. 
Possibly  intermediate  products  of  the  reaction  (catalyzers  of 
oxidation)  are  contributing  factors.  That  the  color  fading  is 
due  to  oxidation,  is  shown  by  the  fact  that  it  begins  at  the  surface 
of  the  liquid  in  the  neck  of  the  flask.  We,  therefore,  use  carbonate- 
sulfite  solutions  not  older  than  2  weeks  and  which  have  been 
kept  in  tightly  stoppered  500  cc.  bottles. 

Differences  in  color  due  to  unequal  oxidation  are  done  away 
with  by  pouring  a  few  cubic  centimeters  from  the  second  test 
solution  at  the  same  time  the  colorimeter  cup  is  being  rinsed  with 
the  first.  In  the  magnesium  determinations,  however,  one  stand- 
ard is  used  for  each  test  solution  because  of  the  small  final  volume. 

*  Randies,  F.  S.,  and  Knudson,  A.,  J.  Biol,  Chem.,  1922,  liii,  53. 


IBJETABOLIC  DISTURBANCES  IN  CATS  ON  A  MILK  DIET.* 

By  GEORGE  W.  PITCHER  and  KARL  F.  CORI.f 

iJFrom  the  Department  of  Laboratories  of  the  Buffalo  General  Hospital  and 
the  State  Institute  for  the  Study  of  Malignant  Disease,  Buffalo.) 

(Received  for  publication,  September  16, 1922.) 

The  cats  used  in  our  studies  on  the  effect  of  x-rays  on  metabolism 
-were  maintained  on  a  milk  and  meat  diet.  This  being  a  common 
^food  for  domesticated  cats,  should  produce  no  metabolic  dis- 
turbances. However,  these  animals  behaved  contrary  to  all  our 
-expectations.  The. urine,  instead  of  being  acid,  was  intensely 
alkaline  to  brilliant  yellow  paper,  and  possessed  strong  reducing 
properties  (Benedict's  solution).  Furthermore,  the  odor  of  the 
urine  became  very  disagreeable  and  the  animals  suffered  from 
intermittent  diarrhea.  This  production  of  diarrhea  in  cats  after 
the  ingestion  of  milk  was  first  observed  by  Magnus1  and  utilized 
by  him  to  study  the  action  of  morphine.  That  these  phenomena 
were  not  accidental  is  shown  by  the  fact  that  when  water  was  sub- 
stituted for  milk,  a  strongly  acid  urine,  normal  for  carnivorous 
animals,  was  excreted.  As  soon  as  milk  was  again  introduced  into 
the  diet,  the  same  symptoms  as  previously  mentioned  were  devel- 
oped. Such  profound  alterations  in  metabolism  on  the  mere  ad- 
dition of  milk  is  not  only  very  startling,  but  may  be  of  value 
in  understanding  those  diseases  of  babies  attributed  to  cows 
milk.  With  this  viewpoint  in  mind  the  following  preliminary 
experiments  were  undertaken  to  determine  the  salient  factors 
involved  in  this  curious  phenomenon. 

EXPERIMENTAL   PART. 

Qualitative  Observations. — Five  ordinary  cats,  fully  grown,  vary- 
ing in  weight  from  4  to  6  kilos  were  fed  once  a  day  with  150  gm.  of 
meat  and  100  to  150  cc.  of  water.  The  urine  so  collected,  pre- 
served from  bacterial  action  with  toluene,  was  light  yellow  or 

*  Presented  before  the  Biological  Section  of  the  American  Chemical 
Society  at  Pittsburg  and  released  for  publication  in  this  Journal  by  the 
courtesy  of  the  Editorial  Board. 

t  We  wish  to  express  our  thanks  to  Miss  H.  Goltz  who  assisted  in  some 
of  the  determinations. 

1  Magnus,  R.,  Arch.  ges.  Physiol,  1906,  cv,  320;  1908,  cxxii,  210. 
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brown  in  color,  practically  odorless,  and  contained  only  a  smal 
quantity  of  sediment.    It  was  acid  to  litmus,  brilliant  yello 
and   phenolphthalein.    It   did   not   reduce   Benedict's   solutio- 
(5  minutes  boiling),  and  contained  only  a  very  small  amount 
carton  dioxide.    No  differences  were  observed  between  male  an 
female  animals.   When  150  cc.  of  milk  in  addition  to  the  meat  we 
fed,  within  the  first  24  hours,  the  urine  of  all  five  cats  became 
dirty  gray  in  color,  very  turbid,  and  contained  considerable  se 
ment  most  of  which  consisted  of  triple  phosphates.    Only  a  ve 
few  scattered  epithelial  cells  and  no  pus  cells  were  present;  i 


positive  test  for  albumin  could  be  obtained.    These  observatioi 
indicate  that  cystitis  may  be  excluded.    The  odor  of  the 
became  very  intense  and  the  reaction  strongly  alkaline  to  brillia 
yellow,  while  in  some  instances  even  alkaline  to  phenolphthalein 
All  samples  reduced  Benedict's  solution  (5  minutes),  and 
tained  large  amounts  of  bicarbonates.    Diarrhea  always  develo] 
in  the  first  24  hour  periods  and  continued  intermittently  over 
whole  course  of  the  experiments.    The  animals,  however,  did 
appear  sick  and  lost  no  weight.    The  milk  was  taken  greedily 
the  animals,  and  was  apparently  thoroughly  enjoyed.    As  a  ma1 
of  fact,  the  cats  preferred  the  milk  to  the  meat  and  generally  c< 
sumed  this  part  of  the  diet  first.    The  same  type  of  reactions 
obtained,    over  the  whole  experimental  period  although  the  infce 
sity  varied  from  day  to  day.    At  no  time,  even  after  a  peri, 
of  3  weeks,  was  the  urine  acid  to  brilliant  paper  or  free  from  la] 
quantities  of  bicarbonates.    When  the  milk  was  withdrawn 
water  substituted,  the  animals  always  gave  the  normal  u] 
previously  described. 

These  experiments  show  that  the  administered  milk  was  t  *he 
cause  of  this  unique  change  in  metabolism  and  that  it  was  no^^-  a 
peculiarity  of  one  particular  cat  but  a  general  phenomenon  of^^t  a 
variety  of  cats  picked  up  at  random. 

Quantitative  Experiments. — The  cats  were  kept  in  ordinary  w^  "nre 
cages  with  inclined  galvanized  iron  bottoms  fitted  with  drain: 
pipes  connected  to  bottles  containing  about  10  to  15  cc.  of  toluei 
The  animals  were  fed  once  a  day  at  10.30  a.m.    The  cups 
taining  the  milk  or  water  were  fastened  to  the  cages  in  such  a 
that  spilling  of  the  contents  was  excluded.    Well  nourished, 
grown,  healthy  cats,  which  had  been  adapted  to  cage  life 
employed  in  these  experiments.    The  cats  showed  no  aignB 


G.  W.  Pucher  and  K.  F.  Cori  569 

excitement  or  restlessness  and  were  exceptionally  good  animals  for 
netabolism  experiments. 

The  food  used  consisted  of  fresh  meat  without  bones  or  fat  and 
>f  pasteurized  cows  milk  obtained  from  the  hospital  kitchen, 
rhe  food  was  always  completely  consumed.  For  this  preliminary 
ftudy  the  following  substances  were  determined. 

Total  Nitrogen. — Folin's  microchemical  Kjeldahl  method  was 
lsed. 

Ammonia. — Folin's  and  McCallum's  procedure  was  employed. 

Sugar. — The  urine  was  first  tested  qualitatively  with  Benedict's 
jolution  and  if  positive  run  quantitatively  as  in  the  Myers  and 
Benedict  blood  sugar  method.  It  had  been  determined  by 
experiment  that  in  the  dilutions  used  (2  cc.  of  a  1 :10  dilution) 
he  color  produced  by  the  creatinine  could  be  neglected. 

Total  Carbon  Dioxide. — This  was  determined,  in  the  Van  Slyke 
ipparatus,  on  the  urine  after  saturation  of  a  sample  with  CO* 
it  alveolar  air  tension.  Although  this  procedure  does  not  give  the 
urtual  amount  of  carbon  dioxide  present  at  the  time  the  urine 
eaves  the  bladder,  nevertheless  it  is  the  only  way  consistent  results 
jould  be  obtained.  By  this  method  the  same  values  for  the  carbon 
iioxide  content  were  obtained  whether  the  sample  was  analyzed 
mmediately  after  voiding  or  24  hours  thereafter.  These  values  are 
probably  very  near  the  actual  ones,  since  Gamble2  has  shown  that 
the  elimination  of  carbonic  acid  in  the  urine  is  determined  by  the 
carbon  dioxide  tension  of  the  blood  plasma.  For  the  sake  of 
convenience  the  total  carbon  dioxide  has  been  calculated  over  to 
lodium  bicarbonate  and  referred  to  as  such  in  the  discussion. 
)f  course,  in  those  instances  in  which  the  urine  is  acid  to  phenol- 
>hthalein  there  is  no  doubt  that  the  carbon  dioxide  evolved 
epresents  the  bicarbonate  that  is  present.  However,  in  those 
xperiments  in  which  the  urine  was  also  alkaline  to  phenol- 
•hthalein  a  large  part  of  the  carbon  dioxide  is  in  the  form  of 
arbonates,  but  from  the  data  at  present  available  the  carbonate- 
icarbonate  ratio  cannot  yet  be  evaluated. 

Acidity. — The  degree  of  acidity  or  alkalinity  is  expressed  in 
erms  of  cc.  of  0.1  n  alkali  or  acid,  using  phenolphthalein  as 
ndicator. 

The  data  obtained  by  these  procedures  are  presented  in  Tables 

and  II. 

1  Gamble,  J.  L.,  J.  Biol.  Chem.,  1922,  li,  205. 
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Weight  of  ? 
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0.35 

"      8 

24 

85 

195 

1.050 

1.050 

1.5 

3.9 

+  15.3 

+37.0 

0.20 

0.54 

0.33 

"      9 

24 

96 

0 

1.050 

0.85 

+33.0 

0.04 

0.34 

"     10 

24 

0 

125 

1.046 

2.09 

+17.9 

0.30 

"    11 

24 

OS 

230 

1.048 

1.044 

0.95 

3.48 

+19.8 

+  9.0 

0.078 

0.953 

0.43 

«    12 

24 

12i 

155 

1.042 

1.038 

1.52 

2.48 

+  15.6 

+24.8 

0.19 

0.46 

0.42 
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aitrocen. 

NH, 

Total  nitrogen 

Diet. 

Remarks. 

c? 

9 

<? 

gm. 

6.5 

0.071 

0.037 

150  gm.  meat  +  HtO. 

]  Normal  period. 

5.0 

0.074 

0.052 

150  "         "     +     " 
150  "         "     +     " 
150  "         "     +     " 

Meat   was    thrice    extracted 
with  hot  water  before  feed- 

0.066 

0.051 

150  "         "     +     " 

ing. 

3.8 

0.12 

0.14 

150  gm.  meat  +  150  cc.  milk. 

Trace  of  diarrhea. 

4.8 

0.14 

0.12 

150  "         "     +  150  " 

Diarrhea. 

■ 

0.11 

150  "         "     +  150  " 

Urine  dirty  gray  in  color. 

0.076 

150  "         "     +  150  "        "  (?) 

Odor  very  bad. 

5.1 

0.11 

150  "         "     +  150  "        " 

8.2(?) 

0.13 

0.12 

150  "         "     +  150  " 

4.5 

0.10 

150  "          "     +  150  " 
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Weight  of  9  cat  -  4.5  kilos.     Weight  of  cf  oat 

-  3.7  kilos. 

EM* 

Tim.  ,   Vol™.. 

^E"! 

.9  m]<f  « 

Specific 

Sugar. 

Aridity. 
+  -  0.1  n  N»OH 

-  -  o.i  h  H,ao. 

NaHCOi 

Am 

(K, 

,    |  * 

9       |      t? 

0      |      <? 

9       |      (f 

9 

te*M 

»r». 

■s. 

M. 

„m. 

„m. 

«. 

«. 

PR. 

„m. 

am. 

May  27 

24 

160 

175 

1.058 

1.050 

0.0 

0.0 

+  74 

+  101 

0.02 

0.02 

0.50 

"    29 

48 

175 

175 

1.062 

1.05C 

0.0 

0.0 

+  03 

+  87 

0.04 

0.04 

3.50 

.  "     31 

48 

136 

205 

1.06C 

1.0K 

0.0 

0.0 

+  72 

+135 

0.03 

0.04 

3.48 

June   2 

48 

I6C 

225 

1.062 

1.04E 

0.0 

0.0 

+  71 

+IK 

0.032 

0.045 

0.35 

"       3 

24 

80 

105 

1.060 

0.0 

0.0 

+  50 

+  46 

0.02 

0.02 

0.20 

June    4 

24 

U: 

133 

1.050 

1.050 

1.5 

1.3 

+2.9 

+  42 

0.47 

0.06 

.1.42 

"        5 

34 

275 

326 

1.022 

1.022 

2.0 

3.6 

-3S4 

-  72 

7.4 

2.1 

t.5 

"       6 

34 

135 

20C 

1.0.10 

1.030 

0.73 

3.3 

-146 

+  34 

1.8 

1.2 

1.93 

"       7 

24 

106 

140 

1.040 

1.030 

0.71 

1.3 

-  53 

-  22 

0.93 

0.60 

1.52 

"      16 

24 

100 

166 

1.030 

1.034 

++ 

+ 

-155 

+  19 

1.41 

0.88 

1.08 

"     17 

24 

197 

165 

1  031 

1.55 

3.47 

-376 

+  29 

4.05 

1.36 

1,63 

June  20 

48 

441 1 

4IH) 

1.034 

1.020 

6.7 

10.0 

-772 

+  84 

11.1 

4.4 

i  m 

"     32 

48 

4M 

450 

1.026 

1.028 

+ 

+++ 

Alka- 

Alka- 

"     23 

24 

331 

425 

1.02c 

1.040 

4.0 

14.0 

-198 

-  85 

4.9 

2.3 

2  0ft 

"     24 

24 

178 

41b 

1.03C 

1.020 

0.71 

5.4 

-  71 

-  26 

1.7 

1.8 

1  ffi 

"     26 

24 

225 

327 

1.028 

1.030 

0.0 

6.6 

-162 

-  33 

3.2 

1.4 

1.9 

June  28 

48 

150 

275 

1.014 

1.030 

0.90 

5.3 

-  15 

+  66 

1.57 

1.63 

0.95 

"     29 

24 

123 

177 

1,02! 

1.024 

1.04 

3.5 

-102 

+  14 

1.8 

0.44 

0.88 

July     1 

48 

250 

290 

1.024 

1.03C 

1.9 

5.2 

-IM 

-11C 

2.7 

3.6 

1.4 

"       3 

48 

242 

340 

1.028 

1.030 

2.1 

4.4 

-162 

-173 

3.8 

3.8 

1.6 

"       4 

24 

98 

100 

1.040 

1.036 

0.0 

0,0 

+21.6 

+  40 

0.48 

0.48 

2  4fT 

5 

24 

50 

105 

1.06C 

1 .0!i 

0.0 

0.0 

+28 

+-  66 

0.05 

0.03 

o  R 

6 

24 

75 

80 

1.051 

1.040 

0.0 

0.0 

+53 

-;■  4i. 

0.03 

0.02 

0.20 
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1 
tal 

NHi 

aen. 

Total  nitrogen 

<? 

» 

<*• 

Diet. 


1   gm. 

0.093 

• 

9.7 

0.062 

0.034 

13.0 

0.062 

0.041 

13.5 

0.048 

0.051 

6.0 

0.063 

0.031 

150  gm.  raw  meat  +  Hf0. 
150    "      "        "     +     " 
150    "      "        "     + 
150    "      "        "     + 

150    "      "        "     + 


tt 


5.0 

0.107 

0.05 

150  gm. 

raw  meat  +  200  cc.  milk. 

4.7 

0.80 

0.25 

150    " 

"      "      +200   "      " 

4.5 

0.29 

0.17 

150    " 

"      "      +200    "       " 

3.0 

0.10 

0.12 

150    " 

"      "      +200    "       " 

3.5 

0.29 

0.16 

150    " 

"      "      +200    "      " 

3.5 

0.38 

0.21 

150    " 

• 

"      M       +200   w      " 

3.5 


2.7 
1.1 
1.2 


1.02 


0.65 
0.94 
1.12 


0.47 


0.49 
1.08 
0.96 


300  cc.  milk. 
300    "      " 

300  "  " 
300  "  " 
300    "      " 


3.9 

0.40 

0.29 

2.1 

0.63 

0.20 

3.2 

0.46 

0.53 

2.9 

0.73 

0.69 

3.1 

0.67 

0.17 

4.4 

0.21 

0.038 

3.2 

0.067 

0.041 

150  cc.  milk 
150    "      " 
150   "      " 
150 


tt 


a 


150  gm.  meat  +  HjO. 
150    "       "     + 
150    "        "     + 


tt 


tt 


Remarks. 


Normal  period, 


Sediment 
chiefly  tri- 

•    pie    phos- 
phates. 

No  albumin. 


Strong  diarrhea. 
Faint    diarrhea. 

During  this 

week  no  quan- 
titative   data. 

Urine  always 
alkaline  and 
reduced  Bene- 
dict's solution. 

Strong  diarrhea. 


Diarrhea. 

Only  a  few  crystals  of  triple 
phosphates  in  sediment. 


Strong  diarrhea. 
Very  flocculent  yellow  sedi- 
ment.   Diarrhea. 


Urine  clear  as  in  Section  A. 
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DISCUSSION   OF  TABLES. 

Table  I. — It  will  be  noted  that  within  24  hours  after  the  feeding 
of  the  milk,  the  urine  contains  nine  times  as  much  bicarbonate 
as  during  the  normal  period.  This  large  excretion  of  bicarbonate 
is  not  constant,  but  always  markedly  higher  than  in  the  normal 
period.  It  will  also  be  noted  that  the  total  acidity  is  decreased 
as  the  bicarbonate  content  increases.  The  ammonia-total  nitro- 
gen ratio  is  also  increased  1.5  times  under  the  influence  of  the  milk 
diet.  All  urines  on  a  milk  diet  showed  a  positive  Benedict's  test 
and  varied  in  their  total  sugar  excretion  as  shown  in  Columns  7 
and  8.  (See  discussion  concerning  this  reducing  substance.)  It 
will  be  observed  that  the  male  cat  always  has  a  higher  excretion 
of  sugar  than  the  female. 

Table  II,  Section  A. — This  simply  represents  a  normal  period  on 
a  meat  and  water  diet. 

Table  II,  Section  B. — The  addition  of  50  cc.  more  of  milk  to  the 
diet  increased  the  symptoms  recorded  in  Table  I  to  a  much 
greater  degree.  Within  48  hours  after  the  addition  of  the  milk 
the  bicarbonates  increased  in  the  case  of  the  female  cat  350  times 
over  the  normal  value,  while  in  the  male  cat,  it  was  100  times  over 
the  normal.  It  will  be  noted  that  the  urine  in  both  animals,  with 
the  increased  elimination  of  bicarbonates,  has  become  strongly 
alkaline  even  to  phenolphthalein.  The  ammonia-total  nitrogen 
ratio  increased  in  the  female  cat  ten  times  and  in  the  male  cat 
six  times  over  that  of  the  normal  period.  The  reducing  properties 
of  the  urine  on  this  diet  was  about  the  same  as  in  Table  I. 

Table  II,  Section  C. — These  experiments  are  a  continuation  of 
those  in  Section  A.  The  meat  diet  was  eliminated  and  the  milk 
increased  to  300  cc.  The  animals  lost  no  weight  during  this  5 
day  period  and  the  symptoms  were  of  the  same  general  character 
as  recorded  in  the  other  sections.  However,  it  will  be  noted  that 
the  ammonia-total  nitrogen  ratio  as  well  as  the  amount  of  bicar- 
bonate excreted  was  higher  than  in  any  of  the  other  protocols. 

Table  II,  Section  D. — This  is  a  continuation  of  Section  B  in 
which  the  milk  was  cut  down  to  150  cc.  This  was  practically  a 
starvation  diet.  The  results  are  similar  to  those  reported  in  the 
preceding  sections,  the  urine  continuing  to  be  alkaline  and  the 
ammonia-total  nitrogen  ratio  far  above  its  normal  value.     To 
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see  how  long  a  period  was  required  to  bring  the  animals  to  their 
normal  state,  (latter  half  of  Section  D),  after  a  3  weeks  milk  diet 
the  normal  diet  (150  gm.  of  meat  and  water)  was  again  fed.  In 
24  hours  the  urine  of  both  animals  was  acid  to  phenolphthalein 
and  contained  no  reducing  substances.  The  bicarbonate  and 
ammonia-total  nitrogen  ratio  were  still  high  but  within  48  hours 
this  had  also  returned,  in  the  case  of  the  male  cat,  to  its  normal 
value.  The  female  cat  required  96  hours  to  reach  the  values  of 
the  normal  diet. 

DISCUSSION   OP  DATA. 

Our  qualitative  as  well  as  quantitative  results  prove  that  cats 
suffer  a  disturbance  in  their  alkali  metabolism  when  on  a  milk 

table  m. 

Summary  of  Data. 


Volume,  cc 

Specific  gravity. 

Sugar,  gm 

Acidity,*  cc 

NaHCOj,  gm.... 

NHj,  gm 

NH, 

Total  nitrogen 


Normal  period. 


Meat  and  water. 
Average  amount  ex- 
creted in  24  hxs. 


91.0 
1.059 
0.0 
+41.0 
0.017 
0.288 

0.065 


109.0 
1.048 
0.0 
+50.0 
0.018 
0.245 

0.049 


Milk  diet. 


Average  amount  ex- 
creted in  24  hra. 


148.0 

1.034 

2.7 
108.0 

1.94 

1.01 

0.405 


187.0 

1.030 

7.5 
-  5.2 

1.J6 

0.79 

0.282 


*+  «  O.lNNaOH. 
-  =  0.1nH,SO«. 

diet.  This  is  particularly  shown  by  the  huge  amounts  of  bicar- 
bonate eliminated  by  the  animals  on  such  a  diet.  Animals  fed  on 
meat  and  water  excrete  only  a  small,  but  very  constant  amount  of 
bicarbonate.  This  observation  is  in  harmony  with  that  of 
Gamble2  on  human  urine. 

In  order  to  obtain  a  better  contrast  between  cats  on  a  normal 
diet  and  those  fed  with  milk  Table  III  is  recorded.  The  figures 
represent  the  average  sum  of  the  substances  excreted  for  24  hours 
on  the  two  diets. 
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The  mechanism  of  these  changes  in  the  metabolism  of  the 
cats  or  the  substances  present  in  the  milk  which  induce  these 
changes  have  not  yet  been  completely  determined.  However,  it 
has  been  proven  that  lactose  alone  is  not  responsible  for  any  of  the 
effects  observed.    This  is  demonstrated  by  the  data  in  Table  IV. 

It  will  be  observed  that  on  the  administration  of  lactose  the  urine 
in  no  case  became  alkaline  (to  brilliant  yellow  or  phenolphthalein) 
or  increased  in  bicarbonate  content.  The  ammonia-total  nitrogen 
ratio  remained  constant  during  the  entire  experimental  period. 
It  will  also  be  observed  that  even  though  the  animals  suffered 
from  diarrhea  on  an  excess  of  lactose,  none  of  the  symptoms  similar 
to  those  shown  on  a  milk  diet  were  developed.  This  indicates 
that  the  marked  disturbances  in  cats  produced  by  milk  are  prob- 
ably independent  of  the  occurrence  of  the  diarrhea. 

These  experiments  also  indicate  that  cats  have  a  relatively  high 
lactose  tolerance  and  that  only  after  25  to  30  gm.  in  48  hours 
have  been  ingested  is  there  any  sugar  excreted  in  the  urine.  Yet 
in  most  of  our  experiments  in  which  milk  was  administered  to  the 
cats,  a  sugar  reduction  was  obtained.  It  seems  very  improbable 
that  this  could  be  lactose  since  the  amount  of  lactose  contained  in 
the  milk  was  far  below  the  determined  lactose  tolerance  of  the 
animals.  Furthermore,  no  lactose  could  be  identified  (mucic 
acid  test)  in  any  of  the  urines  examined.  The  nature  of  this 
reducing  substance,  for  the  present  recorded  as  sugar,  will  be 
investigated  later.  It  is  also  our  intention  to  determine  the 
constituents  of  the  milk  responsible  for  this  change  in  cat  me- 
tabolism and  to  apply,  if  possible,  these  observations  to  metabolic 
disturbances  produced  in  babies  by  cows  milk. 

SUMMARY. 

1.  Cats  when  fed  on  meat  and  water  excrete  a  urine  normal  for 
carnivorous  animals.  The  total  carbon  dioxide  content  of  the 
urine  is  very  small  and  constant  in  value. 

2.  Cats  when  fed  on  milk  excrete  within  24  to  48  hours  a  urine 
which  shows  the  following  qualities:  (a)  Alkaline  to  brilliant 
yellow  or  even  to  phenolphthalein;  (b)  substances  which  easily 
reduce  Benedict's  solution  (5  minutes  boiling) ;  (c)  huge  amounts 
of  bicarbonates  (calculated  from  total  carbon  dioxide  evolved); 
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and  (d)  increase  of  the  ammonia  and  the  ammonia-total  nitrog 
ratio. 

3.  These  symptoms  were  observed  as  long  as  the  animals  wc 
maintained  on  a  milk  diet  (3  weeks). 

4.  Within  48  hours  after  the  withdrawal  of  the  rnilk  the  animi 
returned  to  normal. 

5.  Milk  sugar  is  not  responsible  for  these  changes  in  the  alk; 
metabolism  of  the  cats. 


ON  THE  CONSTANCY  OF  THE  CREATINE-CREATININE 
EXCRETION  IN  CHILDREN  ON  A  HIGH 

PROTEIN  DIET,* 

By  VICTOR  JOHN  HARDING  and  OLIVER  HENRY  GAEBLER. 

(From  the  Department  of  Pathological  Chemistry,   University  of  Toronto, 

Toronto,  Canada.) 

(Received  for  publication,  September  19,  1922.) 

In  a  general  way  it  is  usually  agreed  that  the  appearance  of 
creatine  in  the  urine  is  concomitant  with  a  lowered  creatinine 
excretion,  and  such  a  generalized  idea  has  been  adduced  as  a 
reason  for  the  biochemical  interrelationship  of  the  two  substances. 
So  diverse,  however,  have  been  the  conditions  under  which  creat- 
inuria  has  been  observed  to  appear  and  disappear,  that  such  a 
generalized  expression  has  never  been  accorded  the  validity  of  a 
biochemical  law. 

The  clearest  example  of  the  reciprocal  relationship  of  creatine 
and  creatinine,  and  the  consequent  constancy  of  the  excretion  of 
the  sum  of  both  in  an  individual,  is  perhaps  to  be  found  in  the 
work  of  Benedict  and  Diefendorf  (1)  on  starvation  in  a  woman. 
Goldschmidt,  Pepper,  and  Pearce  (2)  point  out  the  constancy  of 
the  total  creatinine  (creatine  +  creatinine)  in  a  child  of  5£  years, 
observed  before  and  after  splenectomy.  Cameron  and  Gibson  (3), 
from  a  study  of  the  creatine-creatinine  excretion  in  various  cases 
of  muscular  dystrophy,  and  in  amputations,  argue  strongly  for 
the  interrelationship  of  the  two. 

The  clear-cut  character  of  results  such  as  these,  however,  has 
not  always  been  attained,  and  it  is  such  failures  which  have 
militated  against  the  placing  of  the  relationship  of  creatine  and 
creatinine  upon  a  quantitative  basis.  Thus,  to  cite  only  one  recent 
example,  we  may  mention  the  work  of  M.  S.  Rose  (4)  upon 
creatinuria  in  women,  where  after  noticing  that  "very  often  when 

*  The  authors  wish  to  acknowledge  the  assistance  of  a  grant  from  the 
Research  Committee  of  the  Medical  Faculty  of  the  University  of  Toronto. 
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the  creatine  was  high  the  creatinine  was  low,  and  vice  versa," 
she  observes,  "but  in  plotted  curves  the  sum  of  the  two  did  not 
make  a  straighter  line  than  either  one  alone. " 

So  many  factors,  however,  have  been  found  to  influence  the 
excretion  of  creatine  (acidosis,  dietary  protein,  water  drinking), 
that  such  failures  are  not  surprising,  and  it  is  only  when  such  fac- 
tors are  brought  under  rigid  control  or  are  compensated  by  ob- 
servations over  longer  periods  of  time  and  the  taking  of  averages, 
that  the  reciprocal  relationship  of  creatine  and  creatinine  is  shown 
to  be  quantitative. 

In  the  present  paper,  we  wish  to  show  that  normal  children  of 
the  same  age  and  under  the  same  environment,  excrete  the  same 
quantity  of  total  creatine  (creatine  +  creatinine  in  terms  of  crea- 
tine). And  that,  if  the  total  creatine  in  milligrams  t>e  expressed 
as  a  coefficient  of  the  body  weight  in  kilos,  the  figure  obtained  is  a 
constant,  independent  of  the  age  of  the  child,  and  of  the  same 
magnitude  as  the  creatinine  coefficient  of  an  adult  man.  This 
figure  we  have  called  the  "total  creatine  coefficient." 

The  experiments  upon  which  these  conclusions  are  based  were 
commenced  with  the  otqect  of  repeating  the  observations  of  Denis 
and  Kramer  (5)  upon  the  creatinuria  of  children,  and  we  may  say 
that  our  experiments  are  corroborative  of  the  findings  both  of 
these  workers  and  of  Powis  and  Raper  (6).  We  wish,  however, 
in  this  communication,  to  report  the  results  obtained  on  as  high 
a  protein  diet  as  the  child  could  conveniently  consume.  At  the 
outset  we  wish  to  emphasize  the  normal  character  of  our  children. 
They  were  children  living  at  an  Institute1  on  the  outskirts  of  the 
city,  and  who  had  been  sent  there  as  mild  cases  of  malnutrition 
with  a  history  of  possible  exposure  to  tuberculosis.  In  none  of 
them,  however,  had  there  been  any  active  infection,  and  all  were 
at  normal  weight  and  actively  engaged  in  play  in  the  grounds  of  the 
Institution.  They  were  thus  during  the  experiment,  and  for  some 
time  previous  had  been,  under  the  same  environmental  conditions 
of  diet  and  exercise.    Twelve  children  were  selected  and  divided 

1  The  authors  wish  to  express  their  thanks  to  the  Governors  of  the 
Daughters  of  the  Empire  Preventorium  for  permission  to  use  their  labora- 
tories, and  the  facilities  for  work  which  they  afforded.  Thanks  are  also 
due  to  Professor  Alan  Brown,  of  the  Department  of  Pediatrics,  for  the  keen 
interest  he  has  taken  in  the  work. 
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into  three  groups  according  to  age,  and  each  group  consisted  of 
two  children  of  each  sex.  They  were  fed  at  a  separate  table,  and 
the  diet  and  urine  collections  were  made  the  special  care  of  one 
nurse.  Each  group  was  studied  separately.  The  diet  consisted 
of  cereals,  eggs,  bread,  butter,  milk,2  potato,  vegetables,  sugar, 
and  oranges.  The  amount  taken  at  each  meal  was  charted,  and 
the  nitrogen  intake  calculated.  Except  that  the  children  were 
deprived  of  meat  and  soups  made  from  meat  stock,  the  diet  did 
not  differ  markedly  from  that  to  which  they  were  accustomed, 
and  as  meat  was  in  the  ordinary  routine,  only  supplied  once  a 
day,  the  experimental  period  represented  no  sharp  break  from 
their  customary  diet.  In  Table  I  are  presented  the  average  figures 
for  a  3  day  period  for  each  child  when  on  the  high  protein  diet. 
The  constancy  of  the  nitrogen  excretion  of  each  group  upon  the 
same  diet  will  be  noted. 

Group  A,  the  youngest  children,  shows  a  remarkable  constancy 
in  the  total  creatine  excretion,  each  child  varying  but  a  few  milli- 
grams from  the  average  of  the  whole  group  (344  mg.).    Group  B 
also  shows  a  good  agreement  in  the  excretion  of  total  creatine  by 
each  child,  and  it  is  Group  C  which  shows  the  greatest  discrepan- 
cies.    In  this  last  group,  it  would  almost  appear  that  the  boys 
were  separating  from  the  girls.    If,  however,  we  compare  the  total 
creatine  coefficients  with  the  creatinine  coefficients,  the  reciprocal 
nature  of  creatine  and  creatinine  in  children  comes  clearly  to  light. 
The  creatinine  coefficients  range  from  10.1  to  18.2,  whereas  the 
total  creatine  coefficients  vary  from  21.3  to  27.6,  and  this  last 
figure  stands  alone  in  this  series,  a  much  better  high  limit  being 
24.7.     The  averages  for  each  group  too  are  instructive.    The 
average  creatinine  coefficient  for  each  group  rises  definitely  with 
increasing  age  and  weight,  accompanied  as  it  is  by  an  increasing 
percentage  of  musculature.    The  total  creatine  coefficient,  how- 
ever, is  remarkably  steady  around  the  total  average  of  23.1. 
Particularly  interesting  too,  is  the  case  of  L.  G.  in  Group  C.    This 
girl  was  a  big,  heavy  girl,  overweight  according  to  her  age,  and 
whose  creatinine  coefficient  was  distinctly  under  the  average  of 
lier  group.    Yet,  she  excreted  nearly  half  as  much  creatine  again, 

*  The  ingested  creatine  coming  from  the  milk  amounted  to  20  to  30  mg. 
p>er  day.  This  amount  is  of  insignificance  compared  with  the  total 
excretion. 
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as  her  companion  girl  in  the  same  group,  and  her  total  creatine 
coefficient  becomes  almost  exactly  the  same  as  the  total  average. 

These  findings,  like  those  of  Folin  and  Denis  (7)  and  Denis  and 
Kramer  (5),  receive  their  simplest  interpretation  by  assuming  that 


TABLE  I.* 


Child. 


Sex. 


Weight. 


Nitro- 
gen 
intake. 


Total 

urine 

nitrogen. 


Average 
crea- 
tinine. 


Crea- 
tinine 
coeffi- 
cient. 


Average 
creatine 
excre- 
tion. 


Total 
crea- 
tine. 


Total 
creatine 
coeffi- 
cient. 


Group  A. 

Ages  2}  to  3 \ 

yrs. 

kg. 

gm. 

gm. 

mo. 

mo. 

mg. 

M.W. 

F. 

14.0 

12.1 

6.13 

173 

12  4 

138 

338.68 

24.19 

H.C. 

it 

14.0 

12.1 

6.78 

141 

10.1 

145 

308.56 

22.04 

G.L. 

M. 

14.5 

12.1 

6.21 

180 

12.6 

121 

329.80 

22.74 

V.D. 

u 

15.0 

12.1 

6.85 

200 

13.6 

125 

357.00 

23.80 

Group  avei 

age . . 

12.1 

23.2 

Group  B.    Ages  4  to  4 J  yrs. 


A.M.C. 

F. 

16.5 

11.4 

6.25 

223 

13.7 

100 

358.68 

21.7 

D.F. 

it 

19.1 

11.4 

7.34 

276 

14.2 

109 

429.16 

22.4 

W.R. 

M. 

19.0 

11.4 

8.43 

281 

16.0 

90 

415.96 

21.9 

A.L. 

it 

17.0 

11.4 

7.00 

261 

16.6 

77 

379.76 

22.4 

Group  averace - 

14.6 

22.1 

Group  C. 

Ages  9  to  9} 

yrs. 

C.A. 
L.G. 
R.A. 
S.G. 

F. 

M. 

tt 

28.8 
33.5 
25.0 
27.6 

15.6 
15.6 
15.6 
14.3 

10.94 

10.06 

10.61 

9.13 

524 
439 
454 
476 

18.2 
14.lt 
18.0 
17.6 

187 

259 

90 

36 

794.84 
769.24 
616.64 
588.16 

27.6 
22.9 
24.7 
21.3 

Group  avei 

18.1 

23.9 

^Analytical  Methods. — Total  nitrogen,  micro  method  of  Gulick.  Creatine 
and  creatinine,  micro  method  of  Folin  using  creatinine-zinc  chloride  as 
standard.  pH,  method  of  Palmer  and  Henderson;  these  never  showed 
any  significant  variations. 

t  Excluded  from  average. 

creatine  is  produced  from  protein  either  in  toto  or  from  a  special 
fraction  of  it,  is  stored  in  the  muscles,  and  is  converted  into  creat- 
inine. With  the  saturation  of  the  muscles  with  creatine,  any 
excess  production  will  find  its  way  into  the  urine,  and  provided  the 
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dietary  protein  is  not  reduced  to  such  a  low  level  that  a  condition 
of  protein  starvation  occurs,  the  urinary  creatine  will  appear  as  a 
waste  product  of  exogenous  origin.  If,  however,  the  constancy 
of  the  total  creatine  coefficient,  when  upon  a  high  protein  diet, 
is  admitted,  it  would  involve  the  conclusion  that  creatine  produc- 
tion reaches  a  maximum,  and  that  once  that  maximum  is  reached 
no  amount  of  further  feeding  of  protein,  however  excessive,  will 
result  in  an  augmented  creatinuria.  Similarly,  moderate  de- 
creases in  protein  intake  may  fail  to  lower  or  abolish  an  existing 
creatinuria.  That  such  a  maximum  probably  exists  can  be  shown 
experimentally  in  dogs,  and  these  results  will  be  reported  later. 

The  acceptance  of  these  conclusions  also  involves  a  further 
corollary  that  the  muscular  system  does  not  control  the  production 
of  creatine.  It  is  certainly  remarkable  that  a  child  of  3  years 
should  produce  per  kilo  body  weight  as  much  total  creatine  as  an 
adult  man.  The  muscular  system  of  the  child  has  not  reached 
its  maximum  percentage  of  the  total  body  weight,  and  the  relative 
creatinine  production  is  low.  It  would  thus  appear  that  creatine 
disappears  from  the  urine  of  the  adult  man  when  .the  creatinine 
coefficient  has  attained  its  average  maximum  value,  and  the 
muscular  system  has  also  reached  its  average  adult  percentage  of 
the  total  body  weight.  This  being  so,  one  can  only  agree  in  part 
with  Mellanby  (8)  that  the  production  of  creatine  is  not  con- 
trolled by  the  muscular  system,  which  is  in  harmony  with  its 
phylogenetic  and  otogenetic  history.  Cameron  and  Gibson  (3) 
in  a  recent  article,  have  expressed  a  similar  conclusion  from  a 
study  of  the  creatine-creatinine  excretion  in  muscular  dystrophies 
and  amputations. 

Influence  of  Age  and  Sex  upon  Creatinuria. 

In  view  of  the  figures  given  in  Table  I  and  the  conclusions  which 
iiave  just  been  expressed,  it  is  evident  that  some  of  the  current 
Conceptions  on  the  effect  of  age  and  sex  upon  the  creatine  excretion 
of  children,  require  revision.  These  conceptions  are  based  upon 
the  work  of  Rose  (9)  and  Krause  (10).  The  former  drew  the 
conclusion  that  creatine  was  present  in  the  urine  of  children  up 
"to  the  age  of  puberty;  the  latter  that  creatinuria  was  present  in 
fc>oys  up  to  the  age  of  5  to  6  years,  but  that  in  girls,  it  continued  up 
~tio  the   age  of   10.    Undoubtedly,   in  drawing  this  conclusion 
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Krause  was  influenced  by  his  previous  observations  that  creat- 
inuria  could  occasionally  be  found  in  normal  adult  women.  It  is 
very  evident  that  boys  of  ages  higher  than  5  or  6  years  excrete  crea- 
tine, if  sufficient  protein  is  supplied  in  the  diet,  and  judging  from 
the  amounts  of  creatine  excreted  by  the  two  girls  in  Group  C,  that 
they  would  continue  excreting  creatine  long  after  the  age  of  10. 

The  relation  of  the  creatinine  coefficient  to  the  total  creatine 
coefficient,  however,  shows  that  on  the  average  creatine  will 
disappear  from  the  urine  of  both  boys  and  girls  at  about  the 
age  of  16  years,  if  each  sex  develops  the  muscular  system  to 
the  same  degree.  This  figure  has  been  attained  by  plotting  the 
group  creatinine  coefficients  against  the  group  age  and  extrar 
polating  the  curve  obtained  until  it  reaches  the  figure  equivalent  to 
the  average  total  creatine  coefficient.  It  is  interesting  to  note  that 
at  this  age  the  muscular  system  has  attained  its  maximum  develop- 
ment in  relation  to  body  weight  forming  about  44  per  cent  of  the 
total  (11).  In  thus  setting  16  years  as  the  age  at  which  creatinuria 
will  disappear  even  upon  a  high  protein  diet,  it  is  only  intended  to 
convey  that  that  is  an  average  figure.  Undoubtedly,  cases  will 
be  found  in  which  creatinuria  persists  beyond  this  age.  Thus, 
Folin  and  Denis  (7)  report  the  case  of  a  normal  boy  of  17  still 
excreting  creatine,  and  undoubtedly  there  must  be  many  cases 
where  creatine  has  disappeared  at  an  age  earlier  than  the  average. 

As  far  as  our  figures  show,  there  is  no  distinct  influence  of  sex 
in  the  early  years.  Apparently,  however,  there  is  a  slight  di- 
vergence in  later  years  (Group  C),  but  the  figures  are  not  suffi- 
ciently numerous  to  permit  of  the  drawing  of  decided  conclusions. 
The  well  known  results  of  Tracy  and  Clark  (12)  on  the  low  creat- 
inine coefficients  of  normal  women  as  contrasted  with  normal 
men,  would  however,  incline  us  to  believe  that  taken  on  the 
average,  the  majority  of  women  would  show  creatinuria  on  a  high 
protein  diet.  This,  we  believe,  in  spite  of  the  negative  results  of 
Rose  (4)  and  Rose,  Dimmitt,  and  Bartlett  (13).  In  this  con- 
nection, we  think  that  an  examination  of  the  results  shown  by 
the  two  girls  of  Group  C  is  of  interest.  Both  girls,  of  the  same 
age  and  upon  the  same  diet  excrete  almost  the  same  amount  of 
nitrogen.  L.  G.  has  a  low  creatinine  coefficient  and  is  a  fat, 
heavy  girl.  It  might  therefore  be  expected  that  she  would  con- 
tinue to  excrete  creatine  for  at  any  rate  a  longer  period  of  her  life 
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than  her  companion  C.  A.,  especially  as  her  excretion  under  iden- 
tical conditions  is  nearly  50  per  cent  higher.  Such  a  prediction 
should  be  true  for  the  average  case.  Girl  C.  A.,  however,  possesses 
an  exceptionally  high  total  creatine  coefficient  and  would  need  to 
develop  an  exceptionally  vigorous  muscular  system  in  order  to 
attain  a  creatinine  coefficient  equivalent  to  27.6.  While  we  believe 
that  on  the  average,  the  height  of  the  creatinine  coefficient  gives  a 
method  of  predicting  the  presence  or  absence  of  a  creatinuria  upon  a 
high  protein  diet  we  have  no  means  of  foretelling  the  exact  height  of 
the  total  creatine  coefficient  in  the  individual. 

Total  Creatine  Coefficient  in  Some   Pathological  Conditions. 

In  order  to  see  whether  the  conclusions  drawn  from  a  study  of 
the  creatine  excretion  in  children  are  applicable  to  creatinuria  in 
pathological  conditions  when  on  high  protein  diets,  we  have 
tabulated  in  Table  II  some  results  of  our  own,  and  such  results  in 
the  literature  as  we  could  find,  and  in  which  were  reported  the 
requisite  data.  It  will  be  seen  that  with  two  exceptions,  creat- 
inuria in  pathological  conditions  shows  the  same  general  rule  as  f 
creatinuria  in  children.  The  total  creatine  coefficient  averages 
21.9,  a  figure  very  close  to  that  given  as  the  average  for  children 
of  22.7,  and  that  the  variations  in  the  coefficient  cover  the  same 
range  as  does  the  creatinine  coefficient  in  normal  man.  This,  we 
think  is  remarkably  good  agreement,  as  the  conditions  of  diet  were 
not  uniform,  and  the  investigators,  including  ourselves  at  the  time 
of  the  observations,  were  quite  unaware  of  the  constancy  of  this 
figure.  The  two  exceptions  are  possibly  to  be  explained  by  the 
exceptionally  heavy  weight  of  the  boy  O.  Sch.,  and  that  child 
D.  R.  was  on  so  low  a  protein  diet,  that  some  of  the  creatine  may 
be  of  starvation  origin. 

Particular  interest  attaches  itself  to  the  observations  in  the 
hyperthyroid  cases  reported  by  ourselves,  Denis,  and  Denis  and 
Minot.  Owing  to  the  experimental  work  on  creatinuria  in  this 
condition,  a  great  deal  of  attention  has  been  centered  on  the 
thyroid,  and  Gross  and  Steenbock  (14)  have  made  the  function 
of  this  gland  an  essential  part  of  their  theory  of  the  origin  of 
creatine  from  arginine.  It  would  not  appear  from  the  results 
we  have  just  given  that  the  thyroid  gland  plays  any  direct  r61e 
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in  the  production  of  creatinuria.  Acromegaly,  muscular  dystro- 
phies, and  children  all  show  a  power  to  produce  the  same  amount 
of  creatine  per  kilo  body  weight  as  the  normal  adult.  Only  in  so 
far  as  the  activities  of  the  thyroid  alter  the  proportion  of  muscular 
mass  to  total  body  weight,  does  that  gland  contribute  a  quota  to 
the  production  of  a  creatinuria. 
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OF  CHLORIDES  IN  BLOOD  AND  SIMILAR  MATERIAL.41 

By  ISIDOR  GREENWALD  and  JOSEPH  GROSS. 

(From  the  Harriman  Research  Laboratories,  The  Roosevelt  Hospital, 

New  York.) 

(Received  for  publication,  September  25, 1922.) 

In  the  course  of  work  in  the  analysis  of  blood,  the  authors  have 
employed  a  number  of  reagents  for  the  removal  of  the  proteins 
before  proceeding  to  the  determination  of  other  constituents. 
Two  of  these,  picric  acid  (1)  and  nitric  acid  (2),  appeared  to  offer 
peculiar  advantages  in  the  subsequent  determination  of  chlorides 
and  other  inorganic  constituents.  However,  it  was  found  that 
the  amount  of  silver  chloride  that  was  obtained  from  volumes  of 
filtrates  corresponding  to  the  same  amounts  of  blood  was  much 
less  when  nitric  acid  was  used  as  the  precipitant  than  when 
picric  acid  was  so  employed.  Moreover,  the  silver  precipitate 
obtained  with  the  latter  was  always  yellow  and  it  retained  this 
color  even  after  prolonged  washing  with  hot  water.  The  color 
could  be  removed  by  washing  with  concentrated  nitric  acid  but 
the  weight  of  the  residual  silver  chloride  was  greater  than  that  of 
the  precipitate  obtained  from  a  nitric  acid  filtrate  corresponding 
to  the  same  amount  of  blood. 

The  yellow  silver  chloride  precipitate  was  not  completely  soluble 
in  ammonia  but  left  a  gelatinous  precipitate,  suggesting  the  pres- 
ence of  a  purine.  The  precipitate  was  filtered  out,  washed,  and 
suspended  in  dilute  hydrochloric  acid.  After  heating  for  30 
minutes,  the  mixture  was  filtered,  the  filtrate  was  almost  neutra- 
lized and  was  then  treated  with  sodium  acetate,  sodium  bisulfite, 
and  copper  sulfate  in  the  usual  manner.  The  precipitate  obtained 
J*as  filtered  out,  washed  with  hot  water,  and  decomposed  with 
hydrogen  sulfide.  The  filtrate  from  the  copper  sulfide  was  evapor- 
tted  and  treated  with  a  little  picric  acid.     On  cooling,  a  lemon- 

*  A  preliminary  report  was  read  before  the  American  Society  of  Bio- 
ogical  Chemists,  at  New  Haven,  December,  1921. 
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yellow  picrate  crystallized.  This  was  at  first  thought  to  be 
hypoxanthine  picrate  but  later  experiments  have  shown  that  it 
was  probably  a  mixture  of  hypoxanthine  and  adenine  picrates. 
Apparently,  the  yellow  color  of  the  original  silver  chloride  precipi- 
tate was  due  to  the  presence  of  purine-silver  picrates.  These  have 
been  described  by  Bruhns  (3)  who  a^pribed  to  them  the  formula 
(Purine-H)  AgCel^CNC^sOH.  Attempts  in  this  laboratory  to 
prepare  the  hypoxanthine  compound  by  adding  silver  nitrate  to 
hypoxanthine  picrate  solutions  or  picric  acid  to  a  solution  of  hypo- 
xanthine silver  nitrate  and  excess  silver  nitrate  have  always 
yielded  precipitates  containing  less  hypoxanthine  and  more  silver 
than  this  formula  requires. 

The  ammoniacal  filtrate  from  the  purine-silver  precipitate  was 
acidified  with  nitric  acid  and  the  reprecipitated  silver  chloride  was 
filtered  on  a  Gooch  crucible  and  weighed.  The  amount  found 
was  greater  than  that  obtained  from  a  nitric  acid  filtrate  from  a 
corresponding  amount  of  blood.  Evidently,  nitric  acid  failed  to 
extract  all  of  the  chloride  from  blood. 

It  seemed  to  be  of  interest  to  investigate  other  protein  pre- 
cipitants  that  have  been  recommended  for  use  in  the  determination 
of  chlorides  in  blood.  'Accordingly,  samples  of  oxalated  blood 
were  treated  as  called  for  in  the  description  of  the  methods. 
However,  since  it  was  desired  not  to  have  the  results  complicated 
by  variations  in  the  character  of  the  end-points  used  in  the 
several  titrations,  all  the  determinations  discussed  in  this  paper 
were  made  gravimetrically,  either  by  weighing  the  silver  chloride 
precipitated  by  the  addition  of  silver  nitrate  (and  nitric  acid) 
to  the  protein-free  filtrate  or,  where  this  was,  for  one  reason  or 
another,  undesirable,  by  using  a  known  excess  of  silver  nitrate, 
removing  the  precipitate,  and  then  determining  the  excess  of 
silver  in  the  filtrate  by  precipitation  with  hydrochloric  acid. 
In  many  cases  both  methods  were  used.  In  almost  every  instance, 
filtrate  equivalent  to  10  cc.  of  blood  was  used.  In  a  few  cases, 
the  equivalent  of  5  cc.  of  blood  was  employed. 

The  results  obtained  are  summarized  in  Table  I.  The  first  col- 
umn of  figures  gives  the  values  obtained  by  digestion  of  the  blood 
with  nitric  acid  and  an  excess  of  silver  nitrate  until  all  the  organic 
matter  had  been  dissolved.  It  was  not  necessary  to  use  potassium 
permanganate  (4).    These  are  regarded    as  probably  the  most 
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accurate  values  and  all  others  have  been  compared  with  them.  _ 
The  three  following  columns  give  the  results  by  the  three  methodss 
in  which  picric  acid  is  used  as  the  protein  precipitant.    As  mightcfr 
be  expected  from  what  has  been  said  about  the  occurrence  of 
purine-silver  picrate,  the  results  obtained  by  the  technique  ol 
Myers  and  Short  (5)  are  too  high,  the  average  error  being  3 
cent.    Even  if  5  per  cent  nitric  acid  Be  present,  as  in  the  methocn: 
of  Austin  and  Van  Slyke  (6),  the  error  is  about  the  same.    Thi^s 
3  per  cent  error  is  found  if  the  amount  of  excess  silver  in  th*? 
filtrate  from  the  blood  chlorides  is  determined  and  used  as  a  basis 
for  the  calculations.    If  these  are  based  on  the  weight  of  the  firs* 
silver  chloride  precipitate,  the  error  is  even  greater  because  of  the 
high  molecular  weight  of  the  purine-silver  picrate.    If  the  pre- 
cipitate is  washed  with  concentrated  nitric  acid,  the  agreement  is 
better,  the  maximum  error  being  2  per  cent  and  the  average  less 
than  0.5  per  cent. 

If  the  proteins  are  precipitated  with  nitric  acid  and  the  chlo- 
rides are  determined  in  the  filtrate,  the  results  are  always  too  low 
by  from  5  to  8  per  cent.  They  are  as  much  too  high  if  the  nitric 
acid  and  silver  nitrate  are  combined  in  one  solution  as  in  the 
methods  of  Gazzetti  (7)  and  of  Rappleye  (8).  Evidently,  there  is 
something  other  than  chloride  in  blood  (not  necessarily  in  plasma 
or  serum,  for  which  these  methods  were  described)  which  precipi- 
tates silver  from  a  nitric  acid  solution. 

The  filtrates  from  the  m-phosphoric  acid  precipitation  of  blood 
yield  on  direct  precipitation,  very  irregular  results,  which  are  all 
too  high,  probably  because  the  precipitates  are  contaminated  with 
protein.  Calculation  from  the  amount  of  excess  silver  in  the 
filtrates  gives  values  that  are  too  low,  the  error  being  somewhat 
less  with  Oppler's  method  (9),  in  which  an  excess  of  m-phosphoric 
acid  is  avoided  than  with  Foster's  method  (10). 

The  silver  chloride  precipitated  in  the  filtrates,  obtained  by  pre- 
cipitating blood  with  5  percent  trichloroacetic  acid  (11, 12, 13),  even 
when  alcohol  was  used  as  described  by  Smith,  cannot  be  filtered, 
even  after  standing  over  night.  It  can,  however,  be  removed  with 
the  aid  of  a  centrifuge  within  a  few  minutes.  An  aliquot  of  the  sup- 
ernatant liquid  is  used  for  a  determination  of  the  excess  silver. 
The  values  thus  obtained  are  from  3  per  cent  too  low  to  1.7  per 
cent  too  high. 
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The  use  of  copper  sulfate  and  sodium  and  calcium  hydroxides, 
as  employed  by  Wetmore  (14),  gives  results  that  are  too  low  by 
from  0.3  to  5  per  cent,  the  average  error  being  about  3  per  cent. 
The  technique  of  Harding  and  Mason  (15)  is  probably  similarly 
at  fault. 

Direct  gravimetric  determination  of  the  chloride  in  the  filtrate 
from  the  precipitation  of  blood  with  methyl  alcohol  and  magne- 
sium sulfate,  as  described  by  Richter-Quittner  (16)  is  impossible 
because  the  precipitate  contains  much  foreign  material.  Cal- 
culations based  upon  determinations  of  the  excess  silver  in  the 
filtrate  give  irregular  results,  5  or  6  per  cent  too  high  or  too  low. 

The  filtrate  from  the  Folin-Wu  tungstic  acid  precipitation, 
when  treated  with  nitric  acid  and  silver  nitrate,  gives  a  precipitate 
consisting  of  silver  chloride  and  tungstic  acid  (17,  18).  If  this 
is  filtered  out  and  the  amount  of  choride  is  calculated  from  a 
determination  of  the  excess  silver  in  the  filtrate,  the  values  ob- 
tained agree  very  well  with  those  obtained  by  digestion  of  the 
whole  blood  with  nitric  acid  and  silver  nitrate.  Apparently,  the 
Folin-Wu  reagent  is,  of  all  those  studied,  the  most  suitable  for  the 
subsequent  determination  of  chlorides,  and,  unless  there  is  some 
difficulty  with  the  subsequent  titration,  which  appears  not  to  be 
the  case,  the  method  described  by  Whitehorn  (18)  would  seem 
to  be  the  most  desirable  for  routine  determinations. 

The  high  values  obtained  in  the  picric  acid  methods  are  due 
to  the  formation  of  a  purine-silver  picrate.  But  to  what  may 
the  low  values  obtained  with  the  other  protein  precipitants  be 
ascribed? 

It  may  be  assumed  that  they  are  due  to  the  presence,  in  the 
blood,  of  some  organic  chlorine  compound  which  was  precipitated 
by  some  of  the  reagents,  or  which  decomposed  to  give  chlor-ion 
in  some  of  the  procedures,  but  not  in  others.  But  it  is  a  reagent 
of  low  acidity,  tungstic  acid,  that  gives  values  most  nearly  identi- 
cal with  those  obtained  by  digestion  of  the  whole  blood  with 
nitric  acid  and  silver  nitrate. 

The  slightly  lower  values  obtained  by  Wetmore's  method  are 
probably  due  to  the  formation  of  a  small  amount  of  basic  copper 
chloride. 

The  other  protein  precipitants  are  all  acids  and  precipitation 
occurs  only  well  on  the  acid  side  of  the  isoelectric  points  of  the 
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blood  proteins.  The  precipitate  obtained  is  a  compound  of  pro- 
tein and  acid.  It  has  been  more  or  less  tacitly  assumed  that,  in 
these  reactions,  the  precipitating  acid  completely  displaces  all 
other  acids  from  combination  with  the  protein.  Bftt  this  seems 
not  to  be  the  case  with  nitric  and  ra-phosphoric  acids,  and  prob- 
ably not  with  trichloroacetic  acid. 

It  was  at  first  thought  that  the  amount  of  chlorine  retained  in 
the  protein  precipitate  is  a  function  of  the  hydrogen  ion  concen- 
tration of  the  mixture  but,  in  two  experiments,  it  was  found  that 
the  filtrate  obtained  by  precipitating  blood  with  a  mixture  con- 
taining 5  per  cent  nitric  acid  and  0.6  per  cent  picric  acid  gave 
values  that  agreed  well  with  those  obtained  by  precipitation  with 
picric  acid  alone  or  by  oxidation  of  the  whole  blood  with  nitric 
acid  and  that  were  considerably  higher  than  those  obtained  by 
the  use  of  picric  acid  alone.  Evidently,  some  protein  precipitants 
do  completely  displace  the  chlorine  from  combination  with  the 
protein,  in  spite  of  a  high  hydrogen  ion  concentration,  whereas 
others  do  not. 
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Some  years  ago  one  of  us1  reported  the  occurrence  of  large 
amounts  of  uric  acid  in  the  corpuscles  of  beef  blood,  and  evidence 
was  offered  to  show  that  this  uric  acid  existed  in  a  stable  com- 
bination from  which  it  could  be  liberated  by  boiling  with  hydro- 
chloric acid,  or  through  enzyme  action  of  the  blood.  In  the 
present  paper  we  are  able  to  report  the  isolation  and  identification 
of  the  compound  of  uric  acid  which  exists  in  beef  blood. 

For  isolation  of  the  compound  of  uric  acid  the  following  pro- 
cedure has  been  employed.  Fresh  defibrinated  beef  blood  is 
poured  slowly  into  5  volumes  of  boiling  0.01  n  acetic  acid  and  the 
mixture  allowed  to  boil  for  about  a  minute  and  then  poured 
on  to  a  filter.  The  straw-colored  filtrate  obtained  is  boiled  down 
to  the  volume  of  the  original  blood,  chilled,  and  treated  with  one- 
tenth  volume  of  colloidal  iron  (Merck's  5  per  cent  solution  of 
dialyzed  iron)  to  remove  the  last  traces  of  protein.  The  precipi- 
tate obtained  here  is  filtered  off  and  the  clear  filtrate  treated  with 
an  equal  volume  of  0.5  per  cent  solution  of  mercuric  acetate.  This 
mixture  is  allowed  to  stand  for  from  12  to  24  hours  at  room  tem- 
perature. The  light  yellow  flocculent  precipitate  which  slowly 
forms  contains  all  the  free  uric  acid  present  in  the  original  bloody 
together  with  a  small  amount  of  the  desired  uric  acid  compound. 
After  filtering  off  the  precipitate  an  equal  volume  of  20  per 
cent    crystallized    sodium   acetate   solution    is   added   to   the 

*  Owing  to  certain  circumstances  it  was  not  possible  to  complete  this 
work  in  New  York  City.  We  are  much  indebted  to  Professor  G.  P.  Baxter, 
of  Radcliffe  College,  and  to  Professor  Otto  Folin,  of  the  Harvard  Medical 
School  for  continued  courtesy  in  extending  the  facilities  of  these  labor- 
atories for  completion  of  the  work. 

1  Benedict,  S.  R.,  J.  Biol.  Chem.f  1915,  xx,  638. 
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perfectly  clear  filtrate.  A  precipitate  forms  slowly  which  is 
identical  ha  appearance  with  the  one  already  removed.  After 
allowing  the  mixture  to  stand  for  48  hours  the  supernatant  fluid 
is  decanted  and  the  precipitate  collected  and  washed  in  centrifuge 
tubes.  The  washing  with  distilled  water  is  accomplished  by 
thoroughly  stirring  up  the  precipitate  each  time  before  centrif  uga- 
tion,  and  afterward  decanting  the  fluid.  This  process  is  continued 
until  the  precipitate  fails  to  separate  completely  after  centrif uging 
for  20  minutes.  The  precipitate  (which  contains  a  mercury  com- 
pound of  the  uric  acid  compound  and  apparently  very  little  other 
material)  is  then  suspended  in  hot  water  and  decomposed  with 
hydrogen  sulfide.  The  precipitate  is  filtered  off  and  the  residue 
washed  with  a  little  hot  water.  The  filtrate  is  then  concentrated 
under  diminished  pressure  at  from  40-45°  until  crystals  separate. 
The  material  is  allowed  to  stand  over  night  and  the  crystals  are  fil- 
tered off  next  morning,  washed  with  alcohol  and  ether  and  dried. 
The  yield  from  a  sample  of  15  liters  of  blood  is  about  0.6  gm.  of 
practically  pure  crystals.  The  product  is  recrystallized  fromasmaD 
quantity  of  boiling  water.  Thus  obtained  the  compound  crystal- 
lizes in  colorless  square  plates  (Fig.  1).  When  the  hot  solution 
is  rapidly  cooled  the  compound  sometimes  separates  in  flat 
needles,  which  on  standing  in  contact  with  the  mother  liquor  are 
completely  transformed  into  the  typical  square  plates.  Even  very 
small  amounts  of  impurity  may  prevent  crystallization  for  a  longer 
or  shorter  period.  In  such  instances,  if  not  too  dilute,  the  solution 
is  very  apt  to  form  a  water-clear  gel.  Such  a  gel  may  crystallize 
spontaneously,  or  the  process  may  be  hastened  by  seeding  with  a 
little  of  the  crystalline  material.  The  compound  is  very  difficultly 
soluble  in  cold  water,  but  dissolves  in  boiling  water,  and  is  in- 
soluble in  alcohol  and  ether.  It  is  acid  in  reaction  and  dissolves 
readily  in  alkali.  The  compound  is  not  precipitated  by  silver 
magnesia  mixture  and  gives  no  reduction  test  with  alkaline  copper 
solutions.  When  tested  for  uric  acid  by  the  older  phosphotungstic 
acid  method  the  compound  yields  a  quantity  of  color  equivalent 
to  that  given  by  one-fifth  of  its  weight  of  pure  uric  acid.  When 
tested  by  the  new  cyanide  method  proposed  by  one  of  us1  the 
substance  yields  an  amount  of  color  equivalent  to  that  given 
by  one-ninth  of  its  weight  of  pure  uric  acid.     On  distillation  with 

2  Benedict,  S.  R.,  J.  Biol.  Chem.,  1922,  li,  187. 
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12  per  cent  hydrochloric  acid  the  aniline  test  for  furfural  is 
positive.  After  hydrolysis  the  compound  also  yields  a  strongly 
positive  test  for  pentoses  with  orcin. 


Flo.  1.  Photomicrograph  of  the  crystalline  compound  of  uric  acid  and 
pentose  from  beef  blood. 

The  compound  is  apparently  a  monobasic  acid.  The  optical 
activity  of  the  sodium  salt  (prepared  only  in  solution)  was  found 
to  be 

[«]'„'=  +20.42" 

No  water  of  crystallization  was  found  in  the  compound  when 
heated   in  vacuo  for   18  hours  surrounded  by  the  vapor  from 
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boiling  toluene.  When  heated  to  somewhat  above  300°  the  com- 
pound does  not  melt.  Heating  with  strong  sulfuric  acid  leads  to 
charring  and  the  odor  of  caramel. 

Early  investigation  of  the  compound  showed  that  it  is  made  up 
of  uric  acid  and  a  carbohydrate  group  in  the  proportion  1:1. 
Identification  of  the  carbohydrate  portion  has  been  difficult  on 
account  of  the  small  quantities  of  material  available,  and  because 
the  original  compound  is  so  stable  toward  acid  that  the  sugar  is 
apt  to  be  destroyed  during  the  hydrolysis.  After  studying  the 
conditions  of  the  hydrolysis  very  closely  we  have  been  able  to 
obtain  data  concerning  the  sugar  present  which  we  believe  serve 
to  establish  its  identity  beyond  reasonable  doubt. 

0.24  gm.  of  the  compound  was  boiled  for  7  hours  in  40  cc. 
of  0.10  n  sulfuric  acid  under  a  reflux  condenser.  As  the  process 
of  hydrolysis  proceeded  uric  acid  separated.  The  mixture  was 
allowed  to  stand  over  night  and  the  uric  acid  was  filtered  off.  The 
filtrate  was  then  concentrated  under  diminished  pressure  to  small 
volume.  The  uric  acid  was  again  removed  (by  centrifugation 
this  time)  and  the  clear  and  almost  colorless  solution  exactly 
neutralized  with  sodium  carbonate.  The  solution  was  then  read 
in  a  polariscope,  and  a  portion  of  it  used  for  a  quantitative  sugar 
determination  by  means  of  the  picric  acid-picrate  method.  The 
angle  of  rotation  obtained  for  the  sugar  was 


[a]  D=  -20.00° 

The  angle  of  rotation  of  d-ribose3  was  then  determined  using  the 
same  method  to  estimate  the  sugar  quantitatively.  The  angle 
obtained  was 

[afD°=- 19.62° 

Another  portion  of  the  hydrolyzed  solution  was  used  for  the 
preparation  of  a  phenylosazone.  This  was  obtained  in  amorphous 
form  and  purified  by  dissolving  in  acetone  and  precipitating  with 
water.  The  osazone  of  the  unknown  sugar,  an  osazone  prepared 
from  d-ribose,  and  a  mixture  of  these  two,  when  heated  together 
in  the  same  bath  melted  together  at  149°  (uncorrected).     Very 

3  We  are  indebted  to  Dr.  P.  A.  Levene  for  furnishing  us  with  a  sample  of 
pure  (i-ribose. 
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rapid  heating  of  the  bath  raised  the  melting  points  of  both  the 
osazones  practically  identically. 

After  hydrolyzing  a  known  amount  of  compound  the  sugar 
obtained  (determined  by  the  picrate  method,  using  ribose  as 
standard)  amounted  to  101  per  cent  of  the  theoretical.  Uric 
acid  set  free  under  similar  conditions  was  identified  by  elementary 
analysis  (see  below)  and  was  determined  quantitatively  by  the 
color  reaction.  This  determination  gave  a  uric  acid  content  for 
the  original  compound  of  51.5  per  cent  found  against  52.8  per 
cent  calculated  for  a  compound  containing  equal  molecules  of 
uric  acid  and  cf-ribose  minus  1  molecule  of  water. 

Elementary  analyses  of  the  compound  are  not  very  satisfactory. 
This  is  probably  due,  at  least  in  part,  to  the  fact  that  we  used 
quite  small  quantities  in  making  these  determinations.  The 
figures  obtained  were 

Uric  acid  +  pentose  —  1  H»0. 
Calculated.    C  39.9,  H  3.9,  N  18.6. 
Found.  "39.1,  "  5.4,  "  18.0. 

Analysis  of  the  uric  acid  yielded  by  hydrolysis  of  the  compound 
gave  the  following  figures. 

Calculated.    C  35.6,  H  2.3,  N  33.3. 
Found.  "  35.5,  "  3.3,  "  33.1. 

We  feel  warranted  in  concluding  that  the  uric  acid  compound  in 
beef  blood  is  made  up  of  1  molecule  of  uric  acid  plus  1  molecule  of 
d-ribose  minus  1  molecule  of  water. 

The  biological  properties  of  the  uric  acid  compound  are  being 
investigated. 


■THE  DISTRIBUTION  OF  THE  COMBINED  URIC  ACID  IN 

THE  CORPUSCLES  OF  BEEF  BLOOD. 

By  ELEANOR  B.  NEWTON  and  ALICE  ROHDE  DAVIS. 

Z-From  the  Laboratory  of  the  Boston  Psychopathic  Hospital,  and  the  Depart- 
ment of  Biological  Chemistry,  Harvard  Medical  School,  Boston.) 

(Received  for  publication,  September  15,  1922.) 

Benedict1  has  reported  the  presence  of  combined  uric  acid  in 
beef  blood  and  has  shown  by  quantitative  colorimetric  deter- 
minations that  the  total  uric  acid,  free  and  combined,  is  contained 
In  the  corpuscles.  The  present  work  was  planned  to  determine 
whether  the  uric  acid  is  present  chiefly  in  the  erythrocytes  or  in 
the  leucocytes. 

Fresh  defibrinated  beef  Wood  was  centrifuged  at  high  speed 
Eor  i  hour,  the  clear  serum  pipetted  off,  and  the  film  of  white 
cells  lifted  from  the  red  cells.  The  proteins  of  the  serum  and  the 
red  cells  were  removed  by  pouring  each  material  into  boiling 
D.01  n  acetic  acid,  the  filtrates  from  the  coagulum  concentrated  to 
the  original  volumes,  cooled,  and  treated  with  colloidal  iron  in 
the  usual  way  for  the  removal  of  protein  from  whole  blood  in  the 
Benedict2  modification  of  the  Folin-Denis  procedure  for  the  deter- 
mination of  uric  acid  colorimetrically  in  blood.  The  white  cells 
were  quickly  rinsed  once  and  suspended  in  a  small  amount  of  dis- 
tilled water  and  the  film  was  ground  with  sand.  This  mixture  of 
white  cells  and  sand  was  then  washed  into  boiling  acetic  acid, 
the  final  acidity  of  which  was  approximately  0.01  n.  The  filtrate 
from  sand  and  protein  was  concentrated,  boiled  with  aluminium 
cream,  and  again  filtered.  Clear  filtrates  were  in  all  cases  ob- 
tained. The  free  uric  acid  was  determined  by  the  procedure 
cited  above,3  and  the  combined  uric  acid  after  hydrolysis  as 
carried  out  by  Benedict.*    To  assure  us  that  neither  free  nor 

1  Benedict,  S.  R.,  J.  Biol.  Chem.,  1915,  xx,  638. 
1  Benedict,  S.  R.,  J.  Biol.  Chem.,  1915,  xx,  629. 
» Benedict,  S.  R.,  J.  Biol.  Chem.,  1915,  xx,  634. 
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combined  uric  acid  had  been  removed  with  the  proteins  of  the 
white  cells  a  sample  of  white  cells  was  hydrolyzed  directly  omitting 
the  protein  removal  and  then  submitted  to  a  determination  for 
uric  acid  in  the  usual  way. 


TABLE  I. 

Sample  No. 

Quantity 
of  blood. 

Material. 

Uric  acid  in 

part  analysed. 

Calculated  per 

100  oc.  of  blood. 

Remarks. 

cc. 

mg. 

20 
20 

Whole  blood. 

a          it 

5.1 
4.8 

Hydrolyzed  filtrate. 
u                  u 

40 

Red  cells. 

4.7 

tt                  tt 

40 

it             tt 

4.5 

a                  u 

50 

White  cells. 

0 

u                 tt 

JL 

50 

it             it 

0 

a                 a 

100 

tt         tt 

0 

"              without  re- 

T 

40 
40 

Serum. 

0 
0 

moving  protein. 
Hydrolyzed  filtrate. 

CONCLUSION. 


Since  no  uric  acid  could  be  detected  in  the  amounts  of  white 
cells  or  of  serum  used  and  the  figure  for  total  uric  acid  from  the 
red  cells  compared  closely  with  that  for  whole  blood  we  conclude 
that  the  combined  uric  acid  is  contained  in  the  erythrocytes. 


COMBINED  URIC  ACID  IN  HUMAN,  HORSE,  SHEEP,  PIG, 

DOG,  AND  CHICKEN  BLOOD. 

By  ELEANOR  B.  NEWTON  and  ALICE  ROHDE  DAVIS. 

Z<From  the  Laboratory  of  the  Boston  Psychopathic  Hospital,  and  the  Depart- 
ment of  Biological  Chemistry,  Harvard  Medical  School,  Boston.) 

(Received  for  publication,  September  15,  1922.) 

INTRODUCTION. 

The  isolation  and  identification  of  combined  uric  acid  in  beef 
blood  by  Davis,  Newton,  and  Benedict1  as  d-ribose  and  uric  acid 
Less  1  molecule  of  water  has  led  to  the  study  of  the  distribution  of 
combined  uric  acid  in  several  species  of  animals.  By  quantitative 
colorimetric  determinations  of  uric  acid  before  and  after  hydrolysis 
of  a  protein-free  blood  filtrate  as  well  as  before  and  after  enzyme 
action  Benedict2  was  led  to  believe  that  combined  uric  acid 
existed  in  other  species. 

The  isolation  of  the  compound  has  been  undertaken  by  the 
original  procedure  for  beef  blood  in  the  hope  that  even  where  the 
cjuantities  of  combined  uric  acid  were  so  minute  as  to  escape 
detection  by  the  method  of  hydrolysis  and  quantitative  deter- 
mination of  uric  acid  they  would  appear  in  the  isolation.  At  the 
final  stage  of  the  isolation  procedure  a  non-crystalline  residue  was 
liydrolyzed  and  tested  colorimetrically  for  the  pentose  and  for  the 
xiric  acid  radicals  of  combined  uric  acid. 

EXPERIMENTAL. 

Fresh  defibrinated  blood  was  deproteinized  with  heat  and  acetic 
acid,  followed  by  treatment  in  the  cold  with  colloidal  iron.  The 
protein-free  filtrates  were  concentrated  to  the  original  blood 
^volume  and  the  material  was  treated  with  an  equal  volume  of 
€.5  per  cent  mercuric  acetate  to  remove  uric  acid.    The  filtrates 

1  Davis,  A.  R.,  Newton,  E.  B.,  and  Benedict,  S.  R.,  J.  Biol.  Chem.,  1922, 
liv,  595. 

•Benedict,  S.  R.,  The  Harvey  Lectures,  1915-16,  xi,  346. 
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were  then  treated  with  an  equal  volume  of  20  per  cent  sodium  ace- 
tate solution.  An  aqueous  suspension  of  these  mercury  precipi- 
tates was  then  freed  from  mercury  by  decomposing  with  hydrogen 
sulfide,  and  filtering.  The  filtrates  were  concentrated  under 
reduced  pressure  to  a  few  drops  or  to  2  to  3  cc.  and  a  slightly 
colored,  more  or  less  thick,  fluid  was  obtained.  If  crystals  did  not 
appear,  this  residue,  suspected  of  containing  dissolved  combined 
uric  acid  was  hydrolyzed  and  distilled  from  12  per  cent  hydro- 
chloric acid  to  split  off  uric  acid  and  to  form  furfural  from  pentose. 
The  distillate  was  tested  with  aniline  acetate  paper  for  furfural 
and  the  residue,  after  neutralization  with  sodium  carbonate,  was 
tested  for  uric  acid.  In  some  cases  a  caramel  odor  was  noted  in 
the  residue  after  distillation.  Only  rough  estimations  of  the 
amounts  of  combined  uric  acid  could  be  made  by  this  method. 

Two  experiments  were  carried  out  on  human  blood.  360  cc. 
of  a  mixture  of  blood  1  to  5  days  old,  obtained  from  pathological 
cases,  were  employed  in  one  experiment.  Clear  filtrates  and  typical 
mercury  precipitates  were  obtained.  No  crystals  appeared  but 
the  residue  gave  positive  tests  for  pentose  and  for  uric  acid. 

600  cc.  of  fresh  defibrinated  human  blood  from  three  normal 
individuals  were  later  obtained  from  which  a  small  amount  of 
white,  crystalline  material  was  isolated,  and  several  times  re- 
crystallized.  The  crystals  were  typical  in  form,  but  the  quantity 
was  too  small  to  weigh.  They  were  therefore  distilled  with  12 
per  cent  hydrochloric  acid.  A  very  brilliant  pentose  test  was 
here  secured. 

1,000  cc.  of  fresh  defibrinated  horse  blood  yielded  a  brownish, 
partly  crystalline  residue,  a  strong  caramel  odor  on  hydrolysis, 
and  positive  tests  for  pentose  and  for  uric  acid. 

3,500  cc.  of  fresh  defibrinated  sheep  blood  yielded  a  gelatinous 
residue  with  a  few  crystals,  which  residue  on  hydrolysis  gave 
positive  pentose  and  uric  acid  reactions. 

3,000  cc.  of  fresh  defibrinated  pig  blood  yielded  a  straw-colored 
fluid  with  no  crystals,  but  gave  positive  pentose  and  uric  acid 
reactions. 

1,200  cc.  of  fresh  defibrinated  dog  blood  yielded  a  straw-colored 
fluid  with  no  crystals,  but  gave  positive  pentose  and  uric  acid 
reactions. 
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460  cc.  of  fresh  defibrinated  chicken  blood  gave  a  very  light 
colored  fluid  with  no  crystals,  but  positive  pentose  and  uric  acid 
reactions. 

CONCLUSION. 

Evidences  of  the  presence  of  combined  uric  acid  have  been 
found  in  each  species  of  animal  studied.  The  quantity  in  beef 
blood  far  exceeds  that  in  any  other  animal  blood  so  far  analyzed. 
Next  in  quantity  would  appear  to  be  that  of  human  blood.  Only 
traces  were  discernible  by  this  procedure  in  the  blood  of  the  horse, 
sheep,  pig,  dog,  or  chicken. 


THE  INFLUENCE  OF  WATER  DEPRIVATION,  PILOCARPIN, 

AND  HISTAMINE  UPON  CHANGES  IN  BLOOD 

CONCENTRATION  IN  THE  RABBIT. 

By  FRANK  P.  UNDERBILL  and  S.  CLEMENT  ROTH. 

(From  the  Department  of  Pharmacology  and  Toxicology,  Yale  Univeristy, 

New  Haven,) 

(Received  for  publication,  September  29,  1922.) 

In  various  fields  of  clinical  medicine  symptoms  and  serious 
disorders,  which  are  often  attributed  to  unknown  pathogenic 
factors,  such  as  toxins,  may  be  due  entirely  to  a  negative  water 
balance  of  the  body.  That  changes  in  blood  concentration  indi- 
cate this  dehydration  has  been  pointed  out  by  Underhill  and  his 
collaborators  (1  to  6).  The  possible  ways  in  which  such  an  effect 
may  be  brought  about  are  very  numerous,  and  many  of  the  possi- 
bilities of  concentrated  blood  in  various  diseased  conditions  un- 
doubtedly remain  unrecognized.  Every  addition  to  our  know- 
ledge relative  to  the  mechanism  of  water  balance  in  the  organism 
brings  the  ultimate  solution  of  the  problem  closer  at  hand  and 
opens  the  way  for  better  and  more  rational  treatment  of  some  of 
the  obscure  phases  of  disease. 

In  the  present  communication  water  changes  in  the  blood  have 
been  studied  in  the  rabbit  under  the  influence  of  water  deprivation, 
and  the  introduction  of  pilocarpin  and  histamine.  The  rabbit 
has  been  chosen  in  this  instance  for  the  reason  that  it  is  more  or 
less  refractory  to  various  influences  to  which  the  dog  is  susceptible, 
and  thus  extends  the  range  of  factors  involved  in  regulation  of 
water  balance. 

Rabbits  were  maintained  in  a  fasting  condition  unless  other- 
wise specified. 

Methods. — The  methods  employed  were  those  usually  followed 
in  this  laboratory  for  work  of  this  character;  hemoglobin  estima- 
tion by  the  procedure  of  Cohen  and  Smith  being  employed  as  a 
criterion  of  changes  in  blood  concentration.    Injections    were 

made  into  an  ear  vein. 
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Water  Deprivation. 

Previous  (7)  experience  with  water  deprivation  in  the 
rabbit  has  shown  that  water  withheld  for  a  period  of  4  or  5  da-: 
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Chart  1.  Rabbit  57.    The  influence  of  water  deprivatiot 
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Chart  2.  Rabbit  84.    The  influence  of  water  deprivation  upon  blood 
concentration. 

produces  little  or  no  change  in  blood  concentration.  The  present 
experiments  of  which  illustrations  are  given  in  Charts  1,  2,  and  3, 
representative  of  many  protocols,  confirm  this  observation  and 
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further  show  that  after  5  to  7  days  of  water  deprivation  blood 
^concentration  becomes  significantly  increased.  Charted  with  the 
^alteration  in  blood  concentration  is  the  percentage  loss  of  body 
-weight. 
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Chaht  4.  Rabbit  102.  The  influence  of  water  deprivation  upon  blood 
concentration. 

It  is  a  noteworthy  fact  that  blood  concentration  in  these  experi- 
ments was  not  held  uniformly  at  a  level  considered  dangerous 
by  Underhill  (2) ;  namely,  125  per  cent  of  the  normal  value.  A 
similar  result  has  been  obtained  in  other  connections,  Underhill 
and  Errico  (5),  Underhill  and  Ringer  (3),  and  Underhill  and  Kap- 
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sinow  (6).  The  rapidity  with  which  blood  concentration  i 
the  normal  level  in  the  rabbit  after  fluid  intake  is  well  illustrated 
in  Charts  1,  3,  and  4.  This  result  is  confirmatory  of  observations 
in  the  dog  by  Keith  (8)  and  Underhill  and  Kapsinow  (6). 

In  many  of  the  experiments  of  this  nature  the  animals  died  even 
though  water  was  supplied  on  the  day  preceding  death.  Death 
under  these  circumstances  might  be  referred  to  the  irreparable 
damage  done  to  the  tissues  by  the  body's  desiccation.  Such  a 
conclusion  should  not,  however,  be  drawn  too  hastily  since  fasting 
rabbits  with  water  freely  supplied  die  in  about  the  same  length  of 
time.  It  is  therefore  obvious  that  to  ascribe  water  deprivation 
as  the  sole  cause  of  death  under  the  experimental  conditions  would 
be  erroneous. 

Pilocarpin. 

The  loss  of  water  in  the  rabbit  by  the  use  of  pilocarpin  is  visible 
in  the  profuse  secretion  of  saliva  and  in  the  watery  character  of  the 
stools.  By  bringing  about  a  rapid  water  elimination  in  this  animal 
pilocarpin  served  as  a  useful  means  of  causing  marked  changes  in 
blood  concentration  which  are  represented  graphically  in  Charts 

5  to  9.  The  relative  ease  with  which  it  is  possible  to  effect  a 
change  in  blood  concentration  of  approximately  15  per  cent  in 
rabbits  may  be  seen  from  Charts  5  to  8.  In  Chart  5  the  animal 
had  been  well  fed  up  to  the  time  of  experiment  whereas  in  Charts 

6  and  8  water  and  food  had  been  withheld  for  periods  of  1  and  2 
days,  respectively.     Pilocarpin  causes  rapid  rises  in  blood  concen- 
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Chart  5.  Rabbit  1.     Food  and  water.     The  influence  of  pilocarpin  upon 
blood  concentration. 
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Chakt  7.  Rabbit  3.    Without  food  and  water  for  1  day.    The  influence 
of  pilocarpin  upon  blood  concentration. 
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Chart  8.  Rabbit  4.    Without  food  and  water  for  2  days.    The  influence 
of  pilocarpin  upon  blood  concentration. 
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oration  which  are  followed  by  equally  rapid  reductions  in  con- 
centrations. Evidently  the  water  of  the  tissues,  as  represented 
Dy  alterations  of  water  content  of  the  blood,  is  sufficient  to  pre- 
vent anhydremia  and  the  subsequent  vicious  circle.  The  water 
adjustment,  however,  does  not  take  place  so  quickly  that  it  can- 
not be  detected.  The  relative  rate  at  which  the  blood  returns  to 
normal  will  depend  upon  the  degree  of  desiccation  'of  the  body 
previous  to  the  experimentation,  and  the  length  of  time  the 
abnormal  water  loss  induced  by  pilocarpin  continues. 

The  extent  to  which  desiccation  of  the  tissues  of  a  rabbit  can 
*ake  place  is  shown  in  Chart  9,  the  animal  being  without  food  and 
"water  for  a  period  of  9  days.  This  rabbit  survived  the  drastic 
<listurbances  in  its  water  equilibrium  in  spite  of  the  high  level  of 
"blood  concentration  attained  under  pilocarpin  treatment.  This 
experiment  also  illustrates  the  rapidity  with  which  blood  con- 
centration is  reduced  under  the  influence  of  water  introduction. 

Histamine. 

In  dogs  histamine  produces  a  marked  change  in  blood  concen- 
tration. Since  rabbits  are  in  general  somewhat  refractory  to 
histamine  effects  the  influence  of  the  drug  upon  blood  concentra- 
tion has  been  tested  in  this  animal.  The  observations  made  show 
that  histamine  invariably  causes  a  slight  decrease  in  concentration 
of  the  blood  rather  than  an  increase  (see  Charts  10,  11,  and  12), 
the  animal  thus  conforming  to  its  general  peculiarities  with  respect 
to  histamine  action. 

The  general  effects  upon  the  rabbit  of  histamine  intravenously 
introduced  fall  into  one  of  two  groups.  In  the  first  place  death 
may  occur  with  violent  inspiratory  efforts  within  a  minute,  or 
secondly  a  train  of  symptoms  ensue  followed  always  by  complete 
recovery.  The  respiration  becomes  rapid,  the  ears  are  cold,  and 
a  moderately  deep  narcosis  sets  in.  Defecation  and  urination  may 
occur,  and  the  attitude  of  the  animal  is  sprawling  with  the  head 
sunk  on  the  table.  During  this  period  it  is  almost  impossible  to 
obtain  blood  from  the  ears  in  sufficient  quantity  for  hemoglobin 
estimation.  A  similar  subcutaneous  injection  has  only  a  slight 
influence,  if  any.  With  recovery  it  becomes  easier  to  obtain  blood 
from  the  ear.     Within  half  an  hour  subsequent  to  histamine 
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administration  the  animal  suddenly  raises  itself  from  its  sprawling 
position  and  resumes  a  normal  condition. 
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Chaxt  10.  Rabbit  201.    The  influence  of  histamine  upon  blood  i 
eenttation. 
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Attention  is  directed  to  Chart  13  illustrating  an  experiment 
in  which  a  rabbit  without  food  for  8  days  and  water  for  9  days 
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received  an  injection  of  histamine.    No  influence  upon  blood 
concentration  could  be  seen  during  the  period  of  observation. 
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Chart  13.  Rabbit  206.    Without  food  and  water  for  10  days.     The 
influence  of  histamine  upon  blood  concentration. 


Complete  deprivation  of  water  leads  to  blood  concentration  in 
rabbits.  The  level  attained  by  the  concentration  lies  within  the 
limits  of  safety  suggested  by  previous  investigations. 

High  blood  concentration  induced  by  water  deprivation  rapidly 
falls  to  normal  levels  upon  administration  of  water. 

Under  the  influence  of  pilocarpi  blood  concentration  is  mark- 
edly increased  but  quickly  returns  to  the  normal  level.  Pilocarpin 
action  superimposed  upon  prolonged  water  deprivation  causes 
exceptionally  high  blood  concentrations  which  rapidly  attain  the 
normal  upon  water  administration. 

In  the  rabbit  histamine  fails  to  produce  blood  concentration. 
Little  or  no  change  in  blood  concentration  is  to  be  observed  except 
perhaps  an  insignificant  lowering.  These  observations  with  hista- 
mine are  quite  unlike  those  previously  obtained  under  similar 
experimental  conditions  with  the  dog. 
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INTRODUCTION. 

Almost  without  exception,  the  available  methods  for  the 
quantitative  determination  of  individual  sugars,  in  solutions 
where  several  of  them  are  present  together,  involve  the  use  of  the 
polari8cope.  With  sugar  solutions  of  low  concentration,  the  ob- 
served rotation  may  be  only  a  few  angular  degrees,  and  results 
based  on  such  slight  differences  are  far  from  accurate.  Again, 
highly  colored  solutions,  such  as  are  often  obtained  from  plant 
material,  must  be  clarified  before  they  can  be  used  in  the  polari- 
scope  and  not  inconsiderable  loss  of  sugar  by  adsorption  occurs 
during  the  clarification  process.  Moreover,  solutions  of  plant 
origin  often  contain  other  optically  active  substances. 

Prerequisite  to  an  understanding  of  the  manner  of  carbohy- 
drate formation  in  the  photosynthetic  process  is  an  accurate 
picture  of  the  quantitative  relations  that  exist  between  the  various 
sugars  of  the  leaf.  Advance  in  this  field  is  largely  dependent  upon 
the  development  of  analytical  methods,  as  the  analysis  of  plant 
material  presents  many  extraordinary  difficulties  not  encountered 
in  material  of  animal  origin. 

Romijn  (1)  and  Bougault  (2)  observed  that  glucose  in  alka- 
line solution  is  completely  oxidized  to  gluconic  acid  by  an  excess 
of  iodine  and  that  under  the  same  conditions  fructose  and  sucrose 
are  unchanged.  This  would  seem  to  offer  the  basis  for  a  method 
of  distinguishing  between  the  individual  sugars  without  recourse 
to  the  use  of  the  polariscope.  These  two  authors  recognized  the 
possibilities  of  the  use  of  iodine  as  a  reagent  for  differentiating 
between  aldose  and  ketose  sugars,  and  they  suggested  methods 
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involving  its  use.  Several  other  investigators  have  reported 
their  experiences  with  iodine  as  an  oxidizing  agent  for  the  quanti- 
tative determination  of  sugars  with  varying  success. 

In  the  following  work  we  have  endeavored  to  define  more 
sharply  the  conditions  under  which  sugars  are  oxidized  by  iodine, 
and,  on  the  basis  of  these  observations,  have  developed  a  method 
for  the  determination  of  glucose,  fructose,  sucrose,  and  maltose 
when  they  occur  together. 

Romijn  (1)  was  unable  to  obtain  satisfactory  quantitative  results  from 
the  oxidation  of  glucose  by  iodine  with  sodium  hydroxide  or  potassium 
hydroxide  and  suggested  the  use  of  sodium  borate.  With  this  weak  alkali, 
18  to  40  hours  were  required  to  complete  the  oxidation  of  glucose  to  gluconic 
acid.  Willstatter  and  Schudel  (3)  pointed  out  the  need  of  sufficient 
amounts  of  alkali  to  neutralize  the  acid  formed  in  the  reaction.  With  an 
excess  of  0. 1  n  sodium  hydroxide,  and  oxidation  with  iodine  for  15  minutes, 
they  were  able  to  recover  quantitatively  the  glucose  present  in  invert 
sugar. 

Bougault  (2),  using  sodium  carbonate,  observed  a  quantitative  oxidation 
of  glucose  by  iodine  in  30  minutes.  Maltose,  lactose,  arabinose,  and  other 
aldose  sugars  were  found  by  him  to  be  oxidized  by  iodine.  Colin  and 
Lievin  (4)  modified  Bougault's  procedure,  using  disodium  phosphate 
instead  of  sodium  carbonate.  They  found  that  1  hour  was  the  time 
required  for  the  oxidation  of  the  glucose,  with  this  modification. 

Lately,  Judd  (5)  has  published  the  results  of  a  critical  study  of  these 
methods.  She  was  unable  to  confirm  Romijn 's  or  Bougault's  findings 
that  iodine  oxidizes  glucose  to  gluconic  acid,  and  that  under  the  same  condi- 
tions fructose  is  not  oxidized  at  all.  She  ascribed  this  failure,  in  part,  to 
possible  enolization  of  the  sugars  in  the  presence  of  alkalies.  Judd 
believed,  however,  that  valuable  methods  for  the  analysis  of  glucose-fruc- 
tose solutions  could  be  developed  by  utilizing  the  reducing  power  of  the 
sugar  solution  on  iodine,  as  well  as  its  reducing  power  on  copper  solutions. 
In  contrast  to  the  findings  of  Judd,  Baker  and  Hulton  (6),  using 
Willstatter's  procedure,  experienced  no  difficulty  in  recovering  glucose  as 
gluconic  acid  after  5  minutes  oxidation  with  iodine. 

EXPERIMENTAL   PART. 

Preliminary  Experiments  with  Glucose  and  Fructose. — The  reac- 
tion between  glucose  and  an  excess  of  iodine  in  a  solution  made 
alkaline  with  sodium  carbonate  was  followed  by  determining  the 
amount  of  iodine  present  in  aliquot  parts  of  the  oxidation  mixture 
at  intervals  during  the  course  of  the  oxidation.  The  amount  of 
iodine  present  was  determined  by  titration  with  standard  sodium 
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-thiosulfate  after  having  made  the  solution  slightly  acid,  using 
soluble  starch  as  an  indicator.  An  approximately  0.1  n  iodine 
solution,  standardized  with  0.05  n  sodium  thiosulfate  was  used. 
The  0.05  n  sodium  thiosulfate  was  prepared  from  a  normal  stock 
solution  and  standardized  in  the  usual  way  with  the  aid  of  0.1  n 
potassium  permanganate.  The  preliminary  trials  were  carried 
out  in  a  thermostat  at  25°C.  Later  it  was  found  that  the  velocity 
of  the  reaction  was  not  noticeably  changed  at  room  temper- 
atures (18 — 22°) .  Blank  determinations  were  made,  using  distilled 
water  instead  of  a  sugar  solution,  but  in  all  other  respects  the 
same  conditions  were  maintained.  Typical  results  of  these  trials, 
expressed  in  quantities  of  iodine  present  in  the  aliquot  parts, 
are  given  in  Table  I. 

TABLE  I. 

Reduction  of  Iodine  by  Glucose  and  Fructose. 


Time  of 
oxidation. 

Iodine  present  in  20  oo.  aliquot  parts. 

Glucose  solution. 

Blank. 

Fructose  solution. 

Blank. 

min. 

mo. 

mo. 

trig. 

mo. 

0 

123.0 

123.3 

168.8 

182.9 

10 

94.0 

122.9 

168.1 

181.4 

20 

92.4 

122.3 

167.7 

181.4 

30 

93.3 

123.3 

167.7 

182.0 

45 

93.3 

122.9 

167.3 

178.6 

60 

92.6 

122.5 

167.3 

90 

92.7 

122.5 

166.8 

181.4 

These  results  show  that  iodine  is  rapidly  reduced  in  the  pres- 
ence of  glucose,  the  reduction,  apparently,  being  completed  at 
the  end  of  20  minutes.  On  the  other  hand,  there  is  no  evidence 
of  any  reduction  of  iodine  by  fructose.  These  results  confirm 
the  findings  of  Romijn  and  Bougault.  As  indicated  from  the 
analysis  of  the  blanks,  there  are  always  small  losses  of  iodine 
from  the  solution  during  the  course  of  the  oxidation.  That  such 
losses  do  occur  is  not  surprising,  considering  the  volatile  nature  of 
iodine.  Bougault  noticed  that  on  long  standing  more  iodine  disap- 
peared from  his  solutions  than  could  be  accounted  for  by  the  theo- 
retical amount  required  to  oxidize  the  sugar  to  the  mono-basic 
acid.  He  ascribed  this  to  a  secondary  oxidation  of  the  hydroxyl 
groups  of  the  sugar.    He  reports  no  blank  determinations,  and  it 
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seems  much  more  reasonable  to  recognize  the  possibility  of 
mechanical  loss  of  iodine  than  to  assume  oxidation  of  the  hydro: 
groups  of  the  sugars. 

The  apparent  increase  in  the  concentration  of  the  iodine  notei 
in  the  solutions  during  the  second  half  hour  of  the  oxidation  i 
undoubtedly  due  to  the  liberation  of  iodine  from  the 
iodide  used  in  the  iodine  solution. 

Bougault  emphasized  the  necessity  of  having  an  excess  of  iodin 
present  in  order  to  insure  complete  oxidation  of  the  glucose.  W< 
also  found  this  an  important  condition  to  be  maintained.  Th 
amount  of  iodine  to  be  used  depends  in  part  on  the  alkalinity  o 
the  solution.    In  Table  II  are  given  some  of  our  experimentalises 

TABLE  II. 

Oxidation  of  Glucose  as  Influenced  by  Varying  Amounts  of  Iodine  and  Sodium-^**^ 

Carbonate. 


Experi- 
ment No. 

Time  of 
oxidation. 

Glucose 
present. 

Iodine 
required 
to  oxidize 

sugar. 

Iodine 
present. 

Glucose 
oxidised. 

Na«CO« 
present. 

Ratio  of 

iodine 

present  to 

iodine 

required. 

min. 

mg. 

mo. 

mo. 

mg. 

percent 

1 

25 

16.2 

22.8 

186 

15.8 

3.7 

8:1 

2 

25 

10.8 

15.2 

124 

10.6 

1.5 

8  :1 

3 

25 

21.7 

30.6 

186 

21.1 

1.4 

6  :1 

4 

25 

22.0 

31.0 

125 

21.8 

0.8 

4  :1 

5 

25 

48.7 

68.5 

186 

48.4 

2.1 

2.7  :1 

6 

25 

48.4 

68.0 

186 

48.1 

1.0 

2.7  :1 

7 

25 

48.4 

68.0 

124 

45.4 

1.1 

1.8:1 

where  varying  amounts  of  iodine  and  sodium  carbonate  were 
used. 

It  will  be  seen  that  with  a  sodium  carbonate  concentration  of 
1  or  2  per  cent,  three  times  the  amount  of  iodine  necessary  to 
oxidize  the  sugar  gives  a  complete  reaction  in  25  minutes.  Twice 
the  amount  (1.8),  as  illustrated  in  Experiment  7,  is  not  a  large 
enough  excess  and  incomplete  oxidation  resulted.  In  Experi- 
ment 1,  the  high  concentration  of  sodium  carbonate  diminished 
the  apparently  large  excess  of  iodine  and  again  the  glucose  was 
incompletely  oxidized. 

We  failed  in  attempts  to  oxidize  glucose  with  iodine  in  neutral 
solution,  but  beyond  having  alkali  present,  and  present  in  suffi- 
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cient  quantities  to  neutralize  the  acid  formed  in  the  reaction,  no 
advantage  could  be  observed  in  increasing  the  concentration  of 
the  alkali.  It  is  highly  desirable  to  carry  out  the  oxidations  in 
solutions  of  low  alkalinity  because  of  the  effect  of  alkalies  on 
sugars.  We  finally  chose  for  the  oxidations,  solutions  with  1.0 
to  1.5  per  cent  of  sodium  carbonate.  Nef  (7)  reported  that  no 
molization  of  glucose  took  place  with  this  strength  of  sodium 
carbonate.  The  use  of  sodium  carbonate  instead  of  sodium 
lydroxide  seemed  desirable  in  order  to  avoid  any  possible  enoli- 
sation  of  the  sugars  present. 

Witzemann  (8)  found  that  disodium  phosphate  catalyzes  the 
)xidation  of  glucose  by  hydrogen  peroxide.  In  trials  where  we 
lsed  0.5  m  NajHPOi,  we  were  unable  to  note  any  increase  in  the 
velocity  of  the  reaction  between  glucose  and  iodine  that  could 

TABLE  III. 
Analysis  of  a  Glucose  Solution. 


Gluooee  solution 
used. 

Glucose  present. 

Iodine  reduced. 

Glucose  found. 

Molar  ratio  of 

iodine  used  to 

glucose  present. 

ce. 

mg. 

mg. 

mo. 

3 

10.37 

14.1 

10.00 

1.92  :1 

6 

20.74 

28.6 

20.29 

1.96  :1 

8 

27.65 

38.8 

27.52 

1.99  :1 

10 

34.56 

48.5 

34.41 

1.99  :1 

14 

48.38 

67.5 

47.89 

1.98  :1 

ye  ascribed  to  any  catalytic  influence  of  disodium  phosphate. 
ffe  also  endeavored  to  catalyze  the  oxidation  of  glucose  by 
odine  by  adding  traces  of  ferrous  chloride  to  the  oxidation  mix- 
ture, but  obtained  no  evidence  of  any  influence  of  this  iron  salt 
>n  the  velocity  of  the  reaction.  Within  limits,  dilution  of  the 
odine  solution  has  no  effect  on  the  rate  or  completeness  of  the 
oddation  of  glucose.  Provided  there  is  sufficient  iodine  present, 
te  concentration  does  not  seem  to  be  significant. 

Analysis  of  Olucose  Solutions. — The  preliminary  experiments 
ndicated  that  under  suitable  conditions  iodine  could  be  used 
3  a  reagent  for  the  quantitative  estimation  of  glucose.  That 
his  conclusion  was  justified  is  shown  in  Table  III,  where  the 
esults  of  the  analysis  of  a  number  of  glucose  solutions  are  given. 
Che  protocol  of  a  single  experiment  is  given  to  illustrate  the  pro- 
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cedure  that  we  adopted  for  the  oxidation  of  glucose  by  iodine. 
The  glucose  used  was  a  Bureau  of  Standards  preparation  and 
before  using  was  dried  in  vacuo  over  phosphorus  pentoxide. 

To  10  cc.  of  a  glucose  solution,  containing  34.56  mg.  of  glucose,  2  cc.  of 
a  15  per  cent  Na*CO*  solution  were  added;  15  cc.  of  a  0.1  n  iodine  solu- 
tion were  then  added,  and  the  flask  was  stoppered  and  placed  in  the  dark 
at  room  temperature  for  25  minutes.  Slightly  more  10  per  cent  HjSO« 
than  that  needed  to  neutralize  the  Na*CO*  was  added  and  the  iodine 
titrated  immediately  with  0.05  n  Na*S|0*.  From  the  titration,  3.82  cc. 
of  0.1  n  iodine,  or  48.5  mg.,  had  been  reduced.  Calculated  for  glucose, 
34.41  mg. 

Within  the  experimental  error,  the  molecular  ratio  of  the 
iodine  reduced  to  the  glucose  present  is  2  to  1.  In  other  words, 
the  reaction  proceeds  to  gluconic  acid  according  to  the  equation: 

CeHuO.  4-  21  +  H,0  ->  CeHuOi  +  2HI 

The  amount  of  iodine  reduced  by  the  sugar  may  then  be  used 
as  a  measure  of  the  amount  of  glucose  present. 

Determination  of  Glucose  in  the  Presence  of  Fructose  and  Sucrose. 
— The  oxidation  of  glucose  by  iodine  proceeds  in  the  presence  of 
small  or  large  amounts  of  fructose  or  sucrose,  without  being 
influenced  by  either  sugar.  In  Table  IV  are  given  results  of  the 
determination  of  glucose  when  fructose  or  sucrose  are  also  present. 

Analysis  of  Glucose-Fructose-Sucrose  Solutions. — Iodine  oxidizes 
glucose  but  not  fructose  or  sucrose.  Cupric  hydroxide  oxidizes 
both  glucose  and  fructose.  The  use  of  these  two  reagents,  then, 
will  enable  a  determination  to  be  made  of  glucose  and  fructose 
when  together  in  solution,  or  of  glucose,  fructose,  and  sucrose 
when  these  three  sugars  occur  together.  In  the  latter  case,  the 
determination  of  the  reducing  power  of  the  sugar  solution  on 
both  the  iodine  and  copper  reagents  before  hydrolysis  of  the 
sucrose,  and  the  reducing  power  on  either  of  the  reagents  after 
hydrolysis,  will  give  data  from  which  can  be  calculated  the  amounts 
of  the  individual  sugars  which  are  present. 

We  have  successfully  applied  such  a  procedure  for  the  deter- 
mination of  the  three  sugars.  Oxidation  with  iodine  was  carried 
out  as  described  in  the  analysis  of  the  glucose  solutions.  The 
copper  reagent  that  we  have  used  was  Benedict's  reagent  (9) 
and  the  technique  followed  was  that  lately  described  by  Spoehr 
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(10)  for  the  determination  of  small  amounts  of  reducing  sugars. 
Briefly  stated,  this  technique  consists  in  oxidizing  the  sugars  by 
placing  centrifuge  tubes  containing  the  sugar  and  copper  reagent 
in  a  boiling  water  bath  for  3  minutes,  and  removing  the  cuprous 
oxide  by  centrifuging;  the  residual  cupric  copper  is  determined 
by  titrating  the  iodine,  liberated  from  an  excess  of  potassium 
iodide  by  the  cupric  copper,  with  sodium  thiosulfate.  Benedict's 
solution  was  calibrated  in  terms  of  glucose  and  fructose  by  de- 
termining the  reducing  power  of  solutions  of  glucose  and  fructose 
made  up  from  very  pure  and  dry  samples  of  these  sugars. 

One  of  the  difficulties  encountered  was  the  establishing  of 
suitable  conditions  for  the  inversion  of  the  sucrose.  A  few  hours 
heating  on  the  water  bath  with  sufficient  hydrochloric  acid  to 

TABLE  IV. 

Determination  of  Glucose  in  the  Presence  of  Fructose  or  Sucrose. 


Glucose  present. 

Fructose  present. 

Sucrose  present. 

Glucose  found. 

mo. 

mo. 

mo. 

mo* 

21.6 

12.7 

21.3 

10.8 

12.7 

10.5 

10.8 

25.3 

10.7 

48.7 

10.5 

48.4 

5.4 

5.3 

4.9 

10.8 

105.1 

10.6 

17.4 

26.3 

17.2 

make  a  1  per  cent  solution  will  completely  invert  the  sucrose 
present.  However,  when  fructose  was  also  present  a  slight  color- 
ing of  the  solution  occurred  during  the  heating,  and  the  reduction 
of  iodine  or  copper  was  greater  than  could  be  accounted  for  by 
the  amounts  of  glucose  present.  Evidently,  fructose  in  acid 
solution  and  at  100°C.  is  partly  decomposed,  yielding  compounds 
which  are  oxidized  by  iodine  and  cupric  hydroxide.  We  endeavored 
to  hydrolyze  the  sucrose  with  1  per  cent  hydrochloric  acid  at  26°C. 
Under  these  conditions,  the  inversion  was  incomplete  even  when 
allowed  to  stand  over  night. 

It  was  finally  found  that  2  hours  at  60°C.  with  1  per  cent  hy- 
drochloric acid  effected  complete  hydrolysis  of  the  sucrose.  The 
solutions  remained  water-clear  and  there  was  no  evidence  of  any 
decomposition  of  fructose  at  this  temperature.    These  conditions, 
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then,  were  chosen  as  being  suitable  for  the  hydrolysis  of  sucrose 
in  the  presence  of  fructose. 


Determination  of  Sucroae  in  the  Presence  of  Glucose  and  Fructose. 


Conditions  of  hydrolysis. 


Sucrose 
present. 

Glucose 
present. 

Fructose 
present. 

Glucose 
found. 

Sucrose 
found. 

mg. 

mg. 

mg. 

mg. 

mg. 

56.7 

22.0 

43.6 

21.8 

56.7 

22.0 

43.6 

61.7 

56.7 

22.0 

43.6 

63.5 

56.7 

22.0 

43.6 

59.8 

56.7 

22.0 

43.6 

48.7 

40.8 

12.1 

29.3 

12.6 

40.8 

12.1 

29.3 

39.2 

40.8 

12.1 

29.3 

38.8 

40.8 

12.1 

29.3 

38.8 

Before  hydrolysis. 

1  per  cent  HC1,  3  hrs.  at  100°. 

1    "     "         "    3     "    "  100°. 

1    "     "         "    3     "    "  100°. 

1    "     "         "  16     "    "    25°. 

Before  hydrolysis. 

1  per  cent  HC1,  2  hrs.  at  60°. 

1    "     "         "    4     "    "  60°. 

1    "     "         "    6     "    "  60°. 


TABLE  VI. 
Determination  of  Glucose,  Fructose,  and  Sucrose. 


Sugar' 
solution 
used. 

Iodine 
reduced. 

Copper 

solution 

reduoed.* 

Glucose 
found. 

Glucose  and 

fructose  as 

glucose. 

Remarks. 

ee, 

25 

25 
5.09 
2.59 

mg, 

43.5 
70.9 

ee, 

4.10 
3.98 

mg, 

30.9 
50.3 

mg, 

9.75 
9.47 

Before  hydrolysis. 
After           " 
Before          " 
After           <€ 

Calculated  for 

Glucose, 

Fructose,  and  Sucrosi 

J. 

Present  per  cc. 

Found  per  eo. 

Glucose 

mg, 

1.26 
0.57 
1.56 

mg, 
1.23 

Fructose 

0.59 

Sucrose 

1.57f 

*  1  cc.  of  Benedict's  solution  =  2.379  mg.  of  glucose  and  2.149  mg.  of 
fructose. 

f  Average  of  determinations  by  iodine  and  copper. 

The  results  of  the  hydrolysis  of  sucrose  under  various  condi- 
tions are  given  in  Table  V. 

The  results  of  an  analysis  of  a 'solution  containing  glucose, 
fructose,  and  sucrose  are  presented  in  Table  VI.    Utilizing  both 
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iodine  and  cupric  hydroxide  as  oxidizing  agents  and  carrying  out 
the  analysis  according  to  the  procedure  and  under  the  conditions 
that  have  been  outlined  above,  the  method  would  seem  to  be 
accurate  for  the  determination  of  the  individual  sugars  to  within 
an  error  of  3  per  cent. 

Experiments  with  Maltose. — Maltose  is  oxidized  by  iodine,  2 
molecules  of  iodine  reacting  with  1  molecule  of  the  sugar.  We 
have  found  that  this  oxidation  proceeds  somewhat  more  slowly 
than  the  oxidation  of  glucose  by  iodine.  Where  glucose  was  com- 
pletely oxidized  by  iodine  in  25  minutes,  maltose  required  35 
minutes  to  be  completely  oxidized  to  the  mono-basic  acid. 

Maltose  is  much  more  resistant  to  acid  hydrolysis  than  is 
sucrose.  We  could  observe  no  evidence  of  hydrolysis  of  maltose 
by  1  per  cent  hydrochloric  acid  at  60°C.  at  the  end  of  2  hours  and 
even  at  the  end  of  24  hours  at  60°C,  the  hydrolysis  was  incomplete. 
3  hours  heating  at  100°C.  with  1  per  cent  acid  effects  complete 
hydrolysis  of  maltose  but  such  vigorous  treatment  has  been 
found  partly  to  decompose  fructose  if  present  in  the  solution. 
In  order,  then,  to  extend  the  iodine-copper  method  that  has  been 
outlined  above  to  solutions  that  contain  maltose  in  addition  to 
the  other  sugars,  other  means  than  acid  hydrolysis  of  the  maltose 
would  seem  to  be  necessary.  For  this  purpose  we  have  used 
maJtase  prepared  from  fresh  yeast  by  the  method  of  Willstatter, 
Oppenheimer,  and  Steibelt  (11).  We  found  that  maltose  is  com- 
pletely hydrolyzed  to  glucose  with  yeast  maltase  after  3  hours 
digestion  at  30°C.  in  a  solution  whose  reaction  has  been  adjusted 
to  a  pH  of  6.1  to  6.8  with  acid  phosphate,  according  to  the  direc- 
tions of  Willstatter.  The  increase  in  the  reducing  power  of  the 
solution,  as  a  result  of  the  glucose  formed  in  the  reaction,  may 
then  be  taken  as  a  measure  of  the  amount  of  maltose  present. 

Freshly  prepared  enzyme  solutions  must  be  used.  After  2  or 
3  days,  the  activity  of  the  maltase  was  greatly  diminished  and 
proved  to  be  unsatisfactory  for  a  quantitative  hydrolyis  of  mal- 
tose. Yeast  maltase  solutions  contain  substances  that  react 
with  iodine,  and  in  the  calculations,  based  on  the  amount  of  iodine 
reduced  as  the  result  of  the  enzyme  hydrolysis,  it  was  found 
necessary  to  apply  rather  large  corrections. 

The  results  of  the  experiments  with  maltose  are  given  in 
Table  VII. 
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By  the  use  of  maltase  solutions  and  adequate  control  experi- 
ments, planned  to  determine  the  activity  of  the  maltase  prepara- 
tion, as  well  as  the  reducing  power  of  this  preparation  on  iodine 
and  cupric  hydroxide,  it  would  seem  possible  to  extend  the  iodine- 
copper  method  to  include  maltose  in  addition  to  the  other  sugars. 
With  a  mixture  of  sugars,  the  maltose,  unchanged  by  acid  hydroly- 
sis of  sucrose  at  60°C,  would  be  measured  by  the  increase  in 
glucose  content  of  the  solution  after  digestion  with  maltase. 

table  vn. 
Determinations  of  Maltose  with  Iodine  under  Various  Conditions. 


I 

•o 

• 

o 

a 
§ 

• 

a 

I 

• 

8 

% 

1 

• 
a 

Conditions. 

M 

! 

8 

! 

1 

m 

Jf 

•a 

1 

3 

3 

*6 

H 

a 

X 

o 

o 

mg. 

mg. 

mg. 

mg. 

mg. 

1 

213.0 

148.8 

211.0 

Oxidation  with  I  for  35  min. 

2 

30.0 

20.9 

29.7 

u            «    «   u  35    « 

3 

16.7 

11.7 

16.7 

M                       «        CI      t(      35        It 

4  . 

18.2 

12.7 

18.1 

U                        U         €€      it      OR        it 

5  ' 

18.6 

13.2 

18.7 

ti                        it         it      tt      OK         It 

6 

39.6 

24.9 

35.4 

it                 a      ti     it    35      ti 

7 

39.6 

24.9 

35.4 

0 

0 

1  per  cent  HC1,  2  hrs.  at  60°. 

8 

30.0 

47.8 

34.0 

30.0 

Hydrolysis  with  maltase. 

9 

16.7 

23.1 

16.4 

16.7 

u          a          tt 

10 

16.7 

22.4 

15.9 

16.7 

u          tt          u 

11 

16.7 

23.9 

17.0 

16.7 

u          a          u 

The  results  reported  in  this  paper  are  based  on  the  analysis  of 
pure  sugars.  It  is  well  to  point  out  that  in  applying  this  method 
to  sugar-containing  fluids  such  as  plant  extracts  that  contain, 
in  addition  to  the  sugars,  other  compounds,  the  accuracy  of  the 
results  will  depend  on  the  freedom  of  the  solution  analyzed  from 
reducing  substances  other  than  sugars,  or  compounds  that  will 
react  with  iodine. 

SUMMARY. 

The  oxidation  of  glucose  by  iodine  has  been  investigated  and 
the  conditions  whereby  a  quantitative  oxidation  of  glucose  to 
gluconic  acid  may  be  effected  have  been  established. 
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Using  iodine  and  cupric  hydroxide  as  oxidizing  agents,  a  method 
has  been  presented  for  the  determination  of  glucose,  fructose,  and 
sucrose  where  these  sugars  occur  together,  and  in  small  quantities. 

Results  suggesting  that  the  method  may  be  extended  to  include 
maltose  are  given. 

The  larger  part  of  the  experimental  work  reported  in  this  paper 
was  done  in  the  Coastal  Laboratory  of  the  Carnegie  Institution  of 
Washington,  at  the  suggestion  and  under  the  direction  of  Dr.  H.  A. 
Spoehr.  The  author  is  greatly  indebted  to  Dr.  Spoehr  for  his 
helpful  advice  and  criticism,  and  to  the  Carnegie  Institution  for 
the  privilege  of  working  in  the  Coastal  Laboratory. 
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INTRODUCTION. 

At  Cornell  University,  Emerson  has  been  the  leader  in  an  important 
series  of  genetical  investigations  of  maize,  in  which  the  Mcndelian  factorial 
composition  of  many  color  varieties  has  been  established.  In  a  recent 
memoir1  he  has  dealt  especially  with  what  he  terms  plant  colors;  i.e.,  colors 
due  to  pigments  (other  than  those  of  the  chloroplasts)  which  are  commonly 
seen  in  the  husks,  the  staminate  inflorescence,  the  foliage  generally,  and 
the  stem. 

Of  such  plant  colors  he  has  established  the  genetical  relations  of  six  main 
types  as  follows:  (1)  purple,  (2)  sun  red,  (3)  dilute  purple,  (4)  dilute  sun 
red,  (5)  brown,  (6)  green.  In  a  former  paper  in  this  Journal2  we  have 
pointed  out  the  importance  of  chemical  studies  of  such  color  series  as  this 
in  which  the  genetical  factorial  analysis  has  been  made.  Only  by  the 
chemical  investigation  of  genetically  known  material  may  we  hope  to  come 
to  any  satisfactory  understanding  of  the  meaning  of  the  Mendelian  analysis, 
and  of  the  actual  operation  of  the  factors  which  in  such  an  analysis  are 
known  as  symbols. 

The  plant  color  series  in  maize  immediately  suggests  a  parallelism  with 
similarly  related  varieties  of  other  plants  in  which  flower  color  (due  to 
cell  sap  pigments  of  the  flavonol  and  anthocyanin  groups)  varies  from 
white  to  various  shades  of  yellow,  red,  and  purple.  Such  a  parallelism  has 
already  been  confirmed*  by  the  isolation  of  a  quercetin  glucoside  from 

*  Published  by  permission  of  the  Secretary  of  Agriculture. 

1  Emerson,  R.  A.,  Cornell  Univ.  Agric.  Exp.  Station,  Memoir  XXXIX, 
1921,  156. 

1  Sando,  C.  E.,  and  Bartlett,  H.  H.,  /.  Biol.  Chem.,  1920,  xli,  495. 

*  Sando,  C.  E.,  and  Bartlett,  H.  H.,  /.  Agric.  Research.,  1921,  xxii,  1. 
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brown-husked  maize  (Type  5)  and  by  the  occurrence  of  a  corresponding 
anthocyanin  (not  yet  isolated)  in  purple  (Type  1). 

In  order  that  the  geneticist  may  perceive  the  feasibility  of  a  chemical 
attack  on  the  problem  of  interpreting  genetical  factors,  it  does  not  seem 
out  of  place  to  state  briefly  the  simple  chemical  relationship  of  the  cell  sap 
pigments  to  one  another.  Without  some  chemical  knowledge  of  the  pig- 
ments, the  geneticist  obviously  cannot  advance  beyond  the  symbolic 
expression  of  his  results. 

The  yellow  sap  pigments  derived  from  flavone  may  be  subdivided  into 
two  groups — flavone  and  flavonol.  The  flavone  pigments  are  derivatives 
of  the  mother  substance  flavone  (I),  or  phenyl-2-phenopyrone-4,4  while 
the  flavonol  pigments  are  derivatives  of  flavonol  (II),  which  is  character- 
ized by  the  fact  that  the  hydrogen  in  the  pyrone  nucleus  is  replaced  by 
hydroxyl.  The  anthocyanidin  pigments  are  derivatives  of  phenyl-2-pheno- 
pyrylium  (III).1 


O 


fM>-<      > 


o 


•  5        4  * 

CO 


y 


> 


w 

CO 


OH 


I 
O 


V\/ 


<Z> 


I.  Flavone. 


II.  Flavonol. 


III.  Phenyl-2-pheno- 
pyryfium. 


Compounds  containing  this  latter  nucleus  are  characterized  by  the  fact 
that  they  form  difficultly  soluble,  well  crystalline  oxonium  salts,  conse- 
quently the  natural  anthocyanidins  are  described  as  oxonium  chlorides, 
regardless  of  the  fact  that  the  coloring  matters  probably  exist  in  the  plant 
as  combinations  with  organic  acids. 

In  the  plant,  hydroxy  and  methoxy  derivatives  of  the  three  classes  of 
pigments  exist  as  glucosides.  The  anthocyanidin  glucosides  are  the 
naturally  occurring  anthocyanins.  The  anthocyanidins  in  the  form  of 
their  oxonium  salts  may  be  looked  upon  as  formed  from  the  corresponding 
flavonols  by  three  steps:  (a)  reduction  (by  the  addition  of  2  atoms  of 
hydrogen),  (b)  combination  with  an  acid,  in  the  plant  cell  probably  an 
organic  acid,  but  in  the  laboratory  generally  hydrochloric  acid,  and  (r) 
by  the  elimination  of  a  molecule  of  water.  The  three  steps  representing 
the  transition  from  flavonol  to  anthocyanidin  may  be  illustrated  by  the 
formation  of  cyanidin  chloride  from  quercetin.  Quercetin  is#  not  only  a 
typical  flavonol  and  one  which  is  found  widely  distributed  in  nature,  but  it 
is  also  the  particular  one  which  is  concerned  in  the  pigmentation  of  maize. 


4  The  numbering  of  the  rings  is  that  indicated  by  Decker  and  von  Fellen- 
berg  (Decker,  H.,  and  von  Fellenberg,  T.,  Ann.  Chem.,  1907,  ccclvi,  296). 
6  Decker,  H.,  and  von  Fellenberg,  T.,  Ann.  Chem.,  1907,  ccclvi,  281. 
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O  OH 

BO^Y^ <  >QH 


+  H, 


O  OH 


OH 


YhY 

A 

Quercetin  (yellow). 


HO 


O— CI 
/\/\ S 


OH  °H/ 

^>OH  H     OH 


H     +  HC1 


Pseudobase  (colorless). 


OH 


A 

Cyanidin  chloride  (red). 

(For  the  sake  of  simplicity  the  above  reaction  shows  the  transformation 
from  flavonol  to  anthocyanidin,  both  of  which  are  aglykones  or  non-sugar 
products  of  the  splitting  of  the  glucoside  molecule.  The  reactions  in  the 
plant  are  doubtless  concerned  with  the  glucosides,  since  the  flavonol 
glucosides  which  occur  in  the  plant  are  water-soluble  and  more  easily 
reduced  than  the  flavonols  themselves.)  The  delicate  equilibrium  that 
must  be  maintained  in  a  plant  cell  in  order  that  one  or  another  cell  sap 
pigment  may  be  present  is  indicated  by  the  ease  with  which  reversal  of 
this  last  step  takes  place.  Merely  by  treatment  with  hot  water,  pelar- 
fgonidin  chloride  (the  anthocyanin  of  the  scarlet  geranium  is  a  glucoside 
of  pelargonidin)  passes  into  the  colorless  pseudobase,  by  the  addition  of 
1  molecule  of  water  and  loss  of  hydrochloric  acid.  Alcoholic  extracts  of 
anthocyanins,  although  deeply  colored  at  first,  frequently  become  rapidly 
decolorized  by  this  reaction,  which  may  possibly  be  found  to  afford  an 
explanation  of  the  variation  of  some  flowers  from  white  to  red,*  which  is 
known  to  depend,  in  Primula  sinensis  var.  rubra,  upon  the  temperature 
at  which  the  flowers  develop,  the  flowers  being  white  at  30-35 °C,  and  red 
at  15~20°C. 

It  is  obvious  that  the  chemical  relationships  of  these  plant  pigments  are 
such  that  relatively  slight  changes  in  the  condition  of  the  cell  might  lead 
to   large  visible  effects. 

In  both  flavonols  and  anthocyanidins  there  is  a  variable  number  of 
hydroxy  1  groups  which  are  capable  of  being  condensed  with  sugars.  Com- 
pounds with  glucose,  rhamnose,  and  galactose  are  known.  Others  will 
doubtless  be  found.  Depending  upon  the  position  of  the  substituted 
hydroxyls  of  any  one  flavonol  or  anthocyanidin,  and  also  upon  the  partic- 
ular carbohydrate  which  condenses  with  it  to  form  the  glucoside,  there  is 
an  opportunity  for  the  existence  of  a  large  number  of  isomeric  pigments 
of  somewhat  different  properties.    With  one,   two,  or  more    hydroxyls 


•  Klebs,  G.,  Jahrb.  wisse?isch.  Bot.,  Leipsic,  1906,  xlii,  155.    cf.  Wheldale, 
M.  The  anthocyanin  pigments  of  plants,  Cambridge,  1916,  87. 
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substituted,  there  is  also  an  opportunity  for  several  series  of  isomers, 
although  only  a  monoglucoside  series  and  a  diglucoside  series  are  known. 
Finally,  variation  in  the  position  of  the  hydroxyls  among  the  several  mother 
substances  provides  possibilities  for  still  more  stereoisomers.  Reference 
to  the  work  of  Perkin  and  Everest7  shows  that  many  flavones  and  flavonols 
have  already  been  isolated.  Willstatter8  and  his  students  have  made  great 
advances  in  the  chemistry  of  the  anthocyanins. 

The  early  interest  was  centered  in  the  yellow  plant  pigments 
because  of  their  value  as  dyes.  Consequently  the  glucosides,  of 
great  importance  from  the  genetical  standpoint,  have  been  less 
studied  than  the  flavones  and  flavonols.  In  the  recent  work  on  the 
anthocyanins  the  glucosides  have  received  relatively  more  atten- 
tion, but  the  geneticist  finds  little  in  the  past  work  on  flavonol 
glucosides  and  anthocyanins  that  enables  him  to  argue  that  any 
particular  yellow  pigment  is  the  mother  substance  of  a  particular 
purple.  It  is  merely  inferred  that  the  most  easy  transition,  in- 
volving the  least  readjustment  of  the  molecule,  is  the  one  that 
takes  place  in  the  plant.  Thus,  if  the  yellow  color  of  a  certain 
plant  were  known  to  be  due  to  a  glucoside  of  quercetin,  and  if  a 
genetically  related  purple  type  of  the  same  species  existed,  one 
might  logically  expect  the  purple  color  to  be  due  to  a  homologous 
glucoside  of  cyanidin.  Or,  if  both  yellow  and  purple  pigments 
existed  in  the  same  variety,  under  circumstances  that  made  it 
appear  likely  that  one  pigment  was  the  mother  substance  of  the 
other,  there  would  be  ground  for  expecting  an  equally  simple 
relationship.  What  little  direct  evidence  there  is  that  supports 
this  view  has  been  found  by  Everest,9  who  has  shown  the  coexist- 
ence in  purple-black  pansies  of  the  closely  related  pair  myricetin 
(C15H10O8)  and  delphinidin  (C15H10O7),  the  former  yielding  the 
latter  by  reduction.  To  render  the  proof  more  satisfactory  one 
would  wish  to  show  not  only  the  close  correspondence  between  the 
flavonol  and  the  anthocyanidin,  but  also  a  correspondence  in  the 
sugar  and  the  position  of  its  attachment.  It  is  obvious  that  a 
large  field  is  here  thrown  open  for  investigation. 

No  compounds  are  more  widespread  in  plants  than  the  yellow 
and  purple  pigments  under  consideration.    The  characters  de- 

7  Perkin,  A.  G.,  and  Everest,  A.  E.,  The  natural  organic  colouring 
matters,  London  and  New  York,  1918. 

8  Willstatter,  R.,  et  al.,  Summarized  in  foot-note  7. 

•  Everest,  A.  E.,  Proc.  Roy.  Soc.  London,  Series  B,  1913-14,  Ixxxvii,  444. 
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pending  upon  their  presence,  absence,  or  distribution  have  often 
been  the  subject  of  genetical  research,  for  the  reason  that 
color  characteristics  are  frequently  due  to  allelomorphic  factors. 
If  not  allelomorphic,  the  color  factors  are  interacting  and  the 
Mendelian  ratios  are  interpreted  from  this  standpoint.  Thus,  it 
is  frequently  the  case  that  a  simple  monohybrid  ratio  is  obtained 
in  crosses  between  yellow  and  purple  varieties.  The  cross  be- 
tween purple  and  brown-husked  maize  affords  a  case  in  point. 
The  first  hybrid  generation  is  purple.  The  second  shows  segrega- 
tion of  purple  and  brown  in  a  3:1  ratio. 

Color  characters  may  be  mutually  exclusive,  not  coexisting  in 
the  same  plant  or  tissue,  or  non-exclusive,  as  in  the  case  of  flowers 
in  which  both  yellow  and  purple  pigment  coexist.  Distribution 
factors  may,  in  the  latter  case,  cause  a  definite  color  pattern,  as  in 
variegated  purple  and  yellow  pansies,  or  the  pigments  may  be 
mixed.  An  example  of  the  intimate  association  of  yellow  and 
purple  (or  blue)  is  possibly  indicated  by  the  green  flowers  of  certain 
hybrids  between  purple  and  yellow  alfalfa,  in  which  the  resultant 
color  is  green.  (It  is  not  certain,  however,  that  plastid  pigments 
are  not  here  involved.) 

It  goes  without  saying  that  it  would  be  a  great  gain  to  both  the 
physiologist  and  the  geneticist  if  the  place  of  these  pigments  in 
metabolism  were  known,  and  if  it  were  possible  to  trace  the  train 
of  reactions  by  which  the  same  mother  substance  gives  rise  to 
different  pigments  in  organisms  of  different  genetical  constitution. 
Hypothetical  chemical  explanations  of  the  allelomorphism  of  color 
characters  have  been  proposed,  but  all  require  complete  or  partial 
verification.  For  example,  it  has  been  suggested  by  Wheldale1* 
that,  in  the  simplest  case,  there  would  be  at  least  two  factors 
responsible  for  anthocyanin  formation  in  flowers,  one,  designated 
C,  representing  chromogen,  and  another,  designated  R,  represent- 
ing an  enzyme  which  is  supposed  to  act  upon  C  with  the  production 
of  color.  It  is  generally  believed  that  in  some  cases  a  flavonol 
glucoside  may  itself  act  as  a  chromogen  for  the  formation  of  an 
anthocyanin,  as  in  the  case  of  the  purple-black  pansy  already 
mentioned. 

19  Wheldale,  M.,  The  anthocyanin  pigments  of  plants,  Cambridge,  1016, 
211. 
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The  available  evidence  would  seem  to  indicate  that  cases  of 
extreme  simplicity  are  not  often  to  be  expected.  For  example,  a 
flavonol  from  blue  flowered  Delphinium  consolida  L.  has  been 
isolated  and  examined  by  Perkin  and  Wilkinson11  and  found  to  be 
kaempferol.  Willstatter  and  Mieg12  prepared  an  anthocyanidin 
from  a  purple  variety  of  the  same  species,  and  named  it  del- 
phinidin.  The  flavonol  corresponding  to  delphinidin  is  not 
kaempferol,  but  myricetin.  Here  we  have  a  lack  of  the  cor- 
respondence such  as  Everest  found  in  his  pansy.  It  must  be 
emphasized,  however,  that  in  the  case  of  Delphinium  the  two 
investigators  used  different  varieties,  and  that  the  genetical  rela- 
tions are  totally  unknown,  and  probably  complex,  for  there  is 
evidence  from  another  species  of  Delphinium  of  the  complexity  of 
pigmentation  in  this  genus,  showing  that  even  a  yellow  species 
without  known  blue  or  purple  forms  may  be  a  genetically  un- 
resolved mixture  of  different  yellow  types.  That  Perkin  and 
Pilgrim1?  found  three  flavonols  in  the  yellow  flowers  of  Delphinium 
consolida,  chosen  at  random,  is  therefore  not  surprising. 

Thus  far  no  series  of  color  types  of  known  genetical  constitution 
has  been  thoroughly  examined  chemically,  although  an  excellent 
beginning  in  this  work  was  made  by  Wheldale  and  Bassett.14 
Their  work  concerned  Antirrhinum,  from  which  they  were  suc- 
cessful in  isolating  flavones  (not  flavonols)  from  two  yellow 
varieties.  The  deep  yellow  variety,  with  the  Mendelian  constitu- 
tion YYii  contained  both  luteolin  and  apigenin.  A  dominant 
factor,  I,  transformed  the  deep  yellow  into  ivory,  or  very  light 
yellow,  the  homozygous  ivory  type  having  the  formula  YYII,  and 
containing  only  the  pale  colored  apigenin.  Other  factors  brought 
about  the  formation  of  two  different  anthocyanins,  which  were 
unfortunately  not  obtained  in  satisfactory  condition  for  a  deter- 
mination of  constitution  or  identity.  Since  Wheldale  and  Bassett 
did  their  work  before  the  publication  of  Willstatter's  brilliant 
researches,  it  is  hoped  that  the  Antirrhinum  material  may  still 
be  worked  out  satisfactorily.    However,  it  must  be  noted  that  no 

11  Perkin,  A.  G.,  and  Wilkinson,  E.  J.,  J .  Chem.  Soc,  1902,  lxxxi,  585. 

12  Willstatter,  II.,  and  Mieg,  W.,  Ann.  Chem.,  1915,  cdvii,  61. 

18  Perkin,  A.  G.,  and  Pilgrim,  J.  A.,  J.  Chem.  Soc,  1898,  lxxiii,  267. 
14  WTieldale,  M.f  and  Bassett,  H.  L.,  Biochem.  J.,  1913,  vii,  441;  Proc. 
Roy.  Soc.  London,  Scries  B,  1914,  lxxxvii,  300;  Biochem.  J.,  1914,  viii,  204. 
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natural  anthocyanins  corresponding  to  the  flavones  are  yet  known, 
and  the  anthocyanins  of  Wheldale  and  Bassett  may  therefore 
have  been  very  different  in  their  properties  from  the  anthocyanins 
prepared  by  Willstatter. 

Geneticists  who  are  working  with  cotton  and  have  pure  lines  of 
color  types  at  their  disposal  might  turn  to  good  account  Perkin's 
investigations  of  the  flavonol  glucosides  of  several  types  of 
Gossypium.1*,1*  (Additional  data  have  been  contributed  by  Vie- 
hoever,  Chernoff,  and  Johns.17)  In  cotton  there  is  a  series  of 
Mendelian  color  types  of  which  the  basic  work  on  the  flavonols 
has  been  done,  leaving  only  the  anthocyanins  to  be  worked  out 
from  the  beginning. 

We  have  already  pointed  out  in  another  paper  the  value  of 
Emerson's  maize  material  for  this  problem.  Although  probably 
no  better  than  cotton,  the  maize  is  superior  to  Antirrhinum  in 
containing  flavonol  rather  than  flavone  glycosides,  with  the  obvious 
advantage  that  the  anthocyanins  will  probably  prove  to  have 
been  worked  out,  or  at  least  to  be  very  similar  to  those  described 
by  Willstatter.8 

The  maize  series  affords  green  types  of  different  factorial  compo- 
sition which  give,  on  crossing,  a  brown  type.  The  brown  type, 
obtained  in  the  homozygous  condition  by  inbreeding  (self-pollina- 
;ion),  will  give  simple  Mendelian  ratios  when  crossed  with  purple, 
ihe  purple  character  being  dominant  in  the  first  hybrid  generation, 
ind  segregation  in  a  3:1  ratio  taking  place  in  the  second  genera- 
ion.  We  have  an  example,  then,  of  interacting  factors,  neither  of 
arhich,  alone,  produces  color,  but  which  produce  brown  by  inter- 
action when  both  are  present  together.  The  symbols  for  these 
'actors  are  B  and  PL  The  two  different  green  types  mentioned 
ibove  contain  B  and  PI,  respectively,  each  alone.  A  third  factor 
is  called  A,  which  in  the  presence  of  B  and  PI  produces  purple. 
With  B  alone  the  presence  of  A  produces  the  type  known  as  sun 
red,  for  the  reason  that  the  red  color  appears  only  if  the  plants 
are  exposed  to  direct  sunlight.  With  PI  alone,  A  produces  a  dilute 
purple  color.    A,  then,  is  a  factor  for  the  production  of  some  type 

15  Perkin,  A.  G.,  J.  Chem.  Soc,  1899,  lxxv,  825;  1916,  cix,  145. 
"  Perkin,  A.  G.,  J.  Chem.  Soc,  1909,  xcv,  2181. 

17  Viehoever,  A.,  Chernoff,  L.  H.,  and  Johns,  C.  O.,  J.  Agric.  Research, 
1918,  xiii,  345. 


636       Isoquercitrin  from  Brown-Husked  Maize 

of  anthocyanin,  the  nature  of  which  is  determined  by  the  othe 
factors  present.  If  A  is  present  at  all,  the  plant  color  in  Emerson's 
material  has  always  been  purple  or  red.  If  the  plant  color  is  to  be 
brown,  A  must  be  absent,  but  both  B  and  PI  must  be  present. 
This  interesting  series  of  relations  must  have  a  discoverable 
chemical  basis.  To  find  such  a  basis  has  been  the  motive  for  the 
present  paper,  which  is  to  be  followed  by  others  as  the  examina- 
tion of  the  several  genetical  types  proceeds. 

Thus  far  we  have  worked  mainly  upon  the  brown  type,  since  it 
seemed  to  provide  the  most  tangible  point  of  departure. 

It  might  have  seemed  more  logical  to  begin  with  one  of  the  green 
varieties,  of  which  there  are  three  in  Emerson's  series,  their 
formulas  being  aabbPlPl,  aaBBplpl,  and  aabbplpl.  The  first  two 
are  the  ones  that  give  the  brown  type  when  crossed. 

Using  the  same  reasoning  which  has  been  advanced  in  the  past, 
one  might  expect  to  find  fchat  these  three  green  varieties  would  be 
characterized  as  follows:  (a)  one  containing  a  chromogen,  i.e.  some 
colorless  or  relatively  colorless  mother  substance  from  which 
flavonol  or  anthocyanin  may  be  produced,  but  lacking  the  enzyme 
which  accelerates  the  reaction,  (6)  a  second  variety  containing  the 
enzyme,  but  not  the  chromogen,  and,  (c)  the  ultimate  Mendelian 
recessive,  a  variety  containing  neither  chromogen  nor  enzyme. 
Lacking  a  clue  to  the  nature  of  the  hypothetical  chromogen  or 
mother  substance  of  the  pigment,  however,  and  expecting  only  one 
of  the  three  green  genotypes  to  contain  such  a  chromogen,  it 
seemed  best  to  work  first  with  the  brown  type,  upon  the  sup- 
position that  it  would  be  found  to  contain  a  flavonol.  This 
supposition  was  confirmed  by  the  isolation  and  identification  of 
quercetin,  derived  from  an  unidentified  glucoside. 

Preparation  of  Isoquercitrin. 

The  quercetin  glucoside  of  the  brown-husked  maize  was  orig- 
inally obtained  in  too  small  a  quantity  for  thorough  study  by 
methods  outlined  in  our  former  paper.8  A  much  larger  quantity 
was  obtained  subsequently  by  the  following  procedure.  The 
ground  husks  were  extracted  for  2  or  3  weeks  with  95  per  cent 
alcohol,  and  the  extract  was  evaporated  under  reduced  pres- 
sure. The  syrupy  residue  was  taken  up  with  boiling  water  and 
filtered  by  means  of  a  hot  water  funnel.    The  filtrate  was  allowed 
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o  cool  and  was  then  shaken  with  ether  to  remove  free  quercetin 
tnd  other  substances.  The  quercetin  glucoside  was  then  removed 
from  the  aqueous  solution  by  repeated  shakings  with  ethyl  acetate. 
The  ethyl  acetate  extracts  were  then  evaporated  in  a  distilling 
flask,  and  as  tarry  substances  separated  on  the  bottom  of  the  flask 
they  were  eliminated  by  changing  the  flasks.  As  the  process 
of  concentration  proceeded,  this  deposit  became  lighter  in  color, 
and  wTas  then  filtered  off  and  added  to  the  residue  obtained 
by  complete  distillation.  The  procedure  affected  a  mechanical 
separation  of  the  phlobaphene-like  substances,  which  separated 
in  a  tarry  condition  and  could  easily  be  removed  from  the  portions 
richer  in  the  unidentified  glucoside.  The  crude  glucoside  was 
purified  by  solution  in  successive  small  amounts  of  boiling  water, 
followed  by  repeated  crystallization  from  relatively  large  amounts 
of  boiling  water,  aqueous  pyridine,  dilute  acetic  acid  (1  per  cent), 
and  finally  from  boiling  water.  In  the  presence  of  contaminating 
substances,  the  quercetin  glucoside  was  found  to  be  easily  soluble 
in  boiling  water.  As  it  becomes  purer  the  solubility  decreases. 
Approximately  5  liters  of  boiling  water  were  required  to  dissolve 
11  gm.  of  air-dried  glucoside,  although  this  relation  does  not 
accurately  represent  the  solubility  ratio.  A  quantitative  ap- 
proximation of  the  glucosidal  content  of  air-dried  brown  maize 
husks  was  determined  by  extracting  1,000  gm.  with  95  per  cent 
alcohol  for  3  weeks.  This  extract  was  freed  of  alcohol  by  vacuum 
distillation  and  the  residue  taken  up  in  boiling  water  as  before. 
After  filtering,  cooling,  and  removing  ether-soluble  substances, 
the  aqueous  solution  was  shaken  with  ethyl  acetate  until  the  final 
extracts  no  longer  gave  a  test  for  flavonol.  Evaporation  of  acetic 
ether  left  a  residue,  which  after  initial  separation  from  tarry 
substances  and  final  purification  by  repeated  crystallization  from 
large  volumes  of  boiling  water,  amounted  to  4  gm.  in  the  air-dried 
state.  For  carrying  through  much  of  the  tedious  work  of  extract- 
ing the  glucoside  our  thanks  are  due  to  Mr.  Paul  Williams. 

The  corn  glucoside,  in  its  final  state  of  purity,  forms  a  felty  mass 
of  primrose-yellow  needle-like  plates,  which  are  often  branched  as 
shown  in  Fig.  1.  In  our  former  paper3  the  color  of  this  glucoside  is 
reported  as  lemon-yellow  and  the  melting  point  as  220-222°C. 
It  is  obvious  that  the  small  amount  obtained  for  the  previous 
investigation  precluded  the  possibility  of  getting  it  pure  and  this 
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accounts  for  its  deeper  color  and  lower  melting  point.  The  pure 
glucoside  melts  at  220~222.5°C.  An  aqueous  solution  of  this  com- 
pound, using  the  filtrate  from  which  most  of  the  pigment  had 
separated  on  cooling,  gives  with  a  few  drops  of  ferric  chloride,  a 
pale  olive-green,  and  with  excess  of  the  reagent,  an  intense  olive- 
green  color.     Addition  of  sodium  carbonate  or  dilute  ammonia 


Fin.  1    Isoquercitrin,  of  bro 
(X  450). 


crystallized  from  hot  water 


to  the  pigment  solution  intensifies  the  original  yellow  color. 
Lead  acetate  added  to  the  cold  aqueous  solution  gives  a  yellow 
precipitate  which  becomes  more  voluminous  on  the  addition  of  a 
trace  of  ammonia.  When  an  aqueous  solution  is  reduced  with 
magnesium  ribbon  and  hydrochloric  acid  a  clear  pale  rose-red 
color   in   produced.     Probably   the   spectral   transmission   curve 
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affords  as  useful  a  criterion  of  the  identity  of  a  pigment  as  any  that 
can  be  obtained.  To  facilitate  future  comparisons  of  unknown 
glucosides  with  the  flavonol  glucoside  isolated  from  brown  corn, 
the  U.  S.  Bureau  of  Standards  has  very  kindly  prepared  com- 
parable spectral  transmission  curves  (Fig.  2)  of  our  maize  glu- 
coside and  the  quercetin  prepared  from  it.  In  order  to  assure 
comparability  the  two  pigments  were  dissolved  in  absolute  alcohol 
and  were  made  of  the  same  molecular  concentration  (0.906  eg. 
of  quercetin  per  liter;  1.392  eg.  of  isoquercitrin  per  liter,  that  is, 
solutions  of  m/300,000  concentration).  The  measurements  in  the 
visible  part  of  the  spectrum  were  made  by  Dr.  M.  K.  Frehafer, 
and  those  in  the  ultra-violet  by  Mr.  H.  J.  McNicholas,  to  whom 
we  wish  to  express  our  thanks. 

The  spectral  transmission  of  the  glucosides  of  the  flavone  and 
flavonol  derivatives  will  doubtless  afford  important  evidence  as  to 
the  position  of  attachment  of  the  sugar  residues,  since  the  removal 
of  a  particular  hydroxyl  group  by  condensation  with  sugar 
might  be  expected  to  give  a  glucoside  with  approximately  the 
same  transmission  as  the  non-glucoside  with  an  H  instead  of  an 
OH  in  the  same  position.  Since  the  phenols  and  phenol  acids 
formed  as  cleavage  products  of  the  flavones  and  flavonols  (by 
fusion  with  alkali)  indicate  the  position  of  the  hydroxyl  groups, 
it  follows  that  the  point  of  condensation  in  a  glucoside  would 
be  indicated  by  a  close  similarity  in  optical  properties  between  a 
glucoside  of  a  given  flavonol  A,  and  a  free  flavonol  B,  containing 
one  less  OH  group  than  A.  Thus,  if  a  monoglucoside  of  quercetin 
were  closely  similar  in  spectral  transmission  to  kaempferol,  it 
would  indicate  that  the  point  of  attachment  of  the  sugar  residue 
would  be  the  particular  hydroxyl  which  differentiates  quercetin 
from  kaempferol.  The  establishment  of  homologies  between 
glucosides  of  the  flavonol  and  anthocyanidin  series  is  going  to 
require  the  points  of  attachment  to  be  known.  It  is  therefore 
suggested  that  in  future  the  measurement  of  spectral  transmission 
be  made  a  part  of  the  routine  examination  of  these  glucosides, 
and  that  each  curve  be  plotted  against  the  free  flavonol,  in  the 
same  molecular  concentration. 
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Identification  of  Isoquercitrin. 

In  our  former  paper3  we  stated  that  the  glucoside  of  the  brown 
maize  was  very  similar  to  one  isolated  by  Heyl18  from  the  pollen 
of  the  ragweed,  Ambrosia  artemisicefolia  L.  A  search  of  the 
literature  showed  that  the  latter  was  similar  in  many  ways  to  the 
isoquercitrin  described  by  Perkin16  from  cotton  flowers.  Heyl 
very  kindly  placed  at  our  disposal  the  small  sample  of  his  compound 
which  remained  and  Perkin  likewise  sent  a  liberal  sample  of  au- 
thentic isoquercitrin.  As  a  result  of  a  careful  comparison  of  the 
three  preparations,  we  conclude  that  the  corn  glucoside  is  identical 
with  isoquercitrin.  We  are  not  so  certain  about  the  identity  of 
Heyl's  compound  with  isoquercitrin,  for  the  reason  that  the  small 
amount  available  (90  mg.)  was  insufficient  for  complete  identifica- 
tion. However,  several  points  of  identification  have  been  made. 
All  are  monoglucosides.  The  products  of  hydrolysis  in  each 
instance  are  quercetin  and  glucose.  All  crystallize  in  the  same 
form  (see  Figs.  1, 3,  and  4).  The  melted  glucoside  in  each  case  is  a 
cherry-red  oily  liquid.  Identical  reactions  are  obtained  when 
solutions  of  the  three  glucosides  are  reduced  with  magnesium 
and  hydrochloric  acid,  and  when  they  are  treated  with  lead  ace- 
tate, ferric  chloride,  sodium  carbonate,  and  hydrochloric  acid. 
Before  we  received  samples  of  Perkin's  isoquercitrin  and  Heyl's 
ragweed  glucoside,  a  determination  of  the  melting  point  of  the 
corn  glucoside  led  us  to  believe  that  all  three  compounds 
were  different  isomeric  monoglucosides,  since  the  melting  point 
which  we  obtained  for  the  corn  glucoside  differed  from  that  of 
isoquercitrin,  reported  as  217-219°C.,18  as  well  as  from  that  of 
Heyl's  glucoside18  one  sample  of  which  melted  at  224-226°C.  and 
the  other  at  228-229°C.  Since  receiving  these  samples,  however, 
we  have  found  that  the  rapidity  with  which  the  heating  is  carried 
out  in  the  melting  point  determination  influences  the  melting 
point.  When  the  compounds  are  placed  in  the  bath  at  200°C, 
and  the  heating  is  so  regulated  that  there  is  a  rise  of  1°  in  1  minute, 
the  melting  points  are  as  follows:  corn  glucoside,  210-211°; 
Perkin's  cotton  isoquercitrin,  208.5-209.5°;  Heyl's  ragweed  glu- 
coside, 215.5-217.5°.  Under  similar  circumstances,  except  that 
heating  was  at  the  rate  of  about  7.5°  per  minute,  the  melting 

*8  Heyl,  F.  W.,  J.  Am.  Chem.  Soc,  1919,  xli,  1285. 
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points  were  220-222.5°,  218-220°,  and  224-226.5°,  respectively. 
Heyl's  compound  mixed  in  an  agate  mortar  with  an  equal  amount 
of  the  corn  glucoside  did  not  show  the  depression  in  the  melting 
point  which  would  be  expected  if  these  two  substances  were 
different.  The  melting  point  of  the  mixture  was  slightly  higher 
than  that  of  the  corn  compound  alone.     Perkin's  isoquercitrin 


hoi 


n    3.  Heyl's  ragweed   quercetin   raonoglucosidc,   crystallized  from 
hter  (X  450). 


mixed  with  the  corn  glucoside  changed  the  melting  point  of  the 
latter  only  slightly,  the  difference  being  too  small  to  be  of  any 
significance.  Finally  a  mixture  of  all  three  glucosides  was  found 
to  have  a  melting  point  identical  with  that  of  the  corn  glucoside. 
From  the  above  results  one  is  led  to  suspect  that  these  three 
compounds  will  be  found  to  be  identical  when  larger  amounts  are 
available  for  examination. 


642       Isoquercitrin  from  Brown-Husked  Maize 

One  observation  was  made  which  may  account  for  the  difference^ 
in  melting  point  between  Heyl's  glucoside  and  the  other  two.  In 
crystallizing  the  three  compounds  under  the  same  conditions,  0.034 
gm.  of  air-dried  pigment  in  each  case  dissolved  in  5  cc.  of  boiling 
water,  filtered  hot  and  set  aside  to  crystallize,  we  noticed  that  in 
each  instance  the  crystalline  precipitate  was  admixed  with  a  small 


Fig.  4.  Perkin's  cotton  isoquercitrin,  crystallized  from  hot  water  (X 
450). 


amount  of  droplets  (amorphous  spherules).  Heyl's  glucoside 
showed  the  least  of  this  non-crystalline  admixture  and  this  may 
explain  why  his  compound  melted  at  a  higher  temperature  than  the 
other  two.  The  amorphous  spherules,  according  to  this  inter- 
pretation, represent  some  slight  contamination,  from  which  Heyl's 
compound  is  nearly  free. 
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When  deposited  from  aqueous  solution,  the  corn  glucoside  con- 
.ains  water  of  crystallization,  which  is  liberated  at  160°C.    The 
ir-dried  substance  was,  therefore,  heated  at  this  temperature  to 
etermine  the  loss  of  weight. 

1.1554  gm.  lost  0.0467  gm.  HaO.    Found.    H20  4.04. 

n  order  to  eliminate  the  error  caused  by  the  presence  of  hygro- 
copic  moisture,  the  three  following  determinations  were  carried 
ut  using  material  which  had  been  vacuum-dried  at  room  tem- 
rature  until  it  reached  constant  weight. 

0.5229  gm.  lost  0.0201  gm.  HaO.  Found.  HaO  3.84. 
1.1511     "      "    0.0424    "        "  "  "   3.68. 

0.5980     "      "    0.0239    "         "  "  "   3.99. 

Ca,HjoOi2.  H20  requires:  H20  3.73. 

C2iH80Oij.2H8O        "  ••    7.20. 

Analyses  of   the   vacuum-dried  (a)  and  anhydrous  (b,  c,  d) 
;lucosides  arc  here  given: 


(a)  0. 1302  gm.:  0.2491  gm.CO*  and 0.0537  gm.H20.    Found.    C52.18, 
4.02. 

C2iH20O,2.H2O  requires:  C  52.26,  H  4.59. 

(b)  0. 1229 gm.:  0.2441  gm.  CO,  and 0.048a gm.H20.    Found.    C54.17, 
ZH4.38. 

(c)  0. 1043  gm.:0. 2057  gm.C02  and  0. 0414  gm.HjO.    Found.    C  53.79, 
314.45. 

(d)  0.1824  gm.:  0.3623  gm.  CO,  and  0.0732  gm.  H20.    Found.    C54.16, 
H4.49. 

C2iH20Oi2  requires:  C  54.29,  H  4.34. 

Isoquercitrin   upon   hydrolysis   is   resolved   into   glucose   and 

quercetin  in  molecular  proportions.     Our  sample  of  corn  glucoside 

^ave  upon  hydrolysis  glucose  and  quercetin.     For  the  quantitative 

determinations    anhydrous    material    was    used.     The   yield    of 

Quercetin  accorded  satisfactorily  with  that  calculated  from  the 

^cjuation: 

C2iH20Oi2  +  H20  =  CikHi<>07  +  C«HnO». 

0.5424  gm.:  0.3521  gm.  quercetin.    Found.    Quercetin  64. M. 

0.5638     "     0.3650     "  "  "  "  64.74. 

CjiHioOn  requires:  Quercetin  65.08. 

"^The  above  determinations  were  carried  out  by  hydrolyzing  the 
^^unples  (oven-dried  at  160°C.)  by  boiling  with  100  cc.  of  approx- 
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imately  4  per  cent  H2S04  for  1  hour  and  then  placing  on  a  boiling 
water  bath  for  another  hour.  The  mixture  was  cooled  over  night, 
filtered,  and  the  residue  thoroughly  washed  with  cold  water  and 
dried  to  constant  weight  at  130°C.  The  acid  filtrates  gave  posi- 
tive rotation  indicating  the  presence  of  a  dextro-rotatory  sugar. 
Excess  of  sodium  acetate  and  phenylhydrazine  was  then  added 
and  the  solution  heated  on  a  boiling  water  bath  until  a  yellow 
crystalline  osazone  separated.  This  was  recrystallized  from  water 
containing  5  per  cent  pyridine,  then  dissolved  in  a  small  amount 
of  pyridine  to  which  were  then  added  hot  alcohol  and  a  little  hot 
water.  The  characteristic  glucosazone,  melting  at  205-205.5°, 
crystallized  out. 

The  quercetin  obtained  from  the  glucoside  by  hydrolysis  was 
identified  by  all  the  usual  tests  and  by  combustions  of  both 
hydrated  (a)  and  anhydrous  (b,  dried  at  130°C.)  samples.  A 
determination  of  the  water  of  crystallization  in  a  sample  of  querce- 
tin exposed  to  the  air  for  1  month  and  the  combustion  results  are 
as  follows: 

0.6220  gm.  lost,  at  130°C.,  0.0656  gm.  HaO.    Found.    H20  10.54. 
Ci6Hio07.2H30  requires:  H,0  10.65. 

(a)  0. 1652  gm.:  0.3229  gm.  CO*  and 0.0630  gm.H,0.  Found.  C53.30, 
H4.27. 

CiJIio07.2H30  requires:  C  53.24,  H  4.18. 

(b)  0. 1890  gm.:  0.4121  gm.COa  and  0.0580  gm.  HaO.  Found.  C59.46, 
H  3.43. 

Ci6Hio07  requires:  C  59.59,  H  3.34. 

Combustions  of  acetyl  quercetin,  dried  at  160°C,  gave  the 
following  figures: 

0.1301  gm.  gave  0.2794  gm.  C02  and  0.0480  gm.  H20.  Found.  C  58.57, 
H4.13. 

0 .  1277  gm .  gave  0 .  2744  gm .  COs  and  0 .  0440  gm .  H20.  Found .  C  58 .  59, 
H  3.86. 

Ci5H607(C2H30)6  requires:  C  58.57,  H  3.93. 

The  hydrolysis  of  the  penta-acetylquercetin  carried  out  in 
glacial  acetic  acid  by  means  of  hydrochloric  acid  gave  the  following 
results: 

0.C408  gm. :  0.37/33  gm.  quercetin  (dried  at  130°C).  Found.  Quercetin 
58.05. 

1.0578 gin.:  0.020-1  gm.  quercetin  (dried  at  130°C).  Found.  Quercetin 
58.56. 

Ci6H607(C2H,0)6 requires:  Quercetin 58. 98. 
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SUMMARY  AND   CONCLUSIONS. 

1.  A  series  of  color  types  in  maize  involving  pigments  of  the 
:fiavonol  and  anthocyanidin  groups,  has  been  genetically  analyzed 
~~ky  Emerson.  The  known  genetic  constitution  of  these  color 
-types  makes  it  very  desirable  to  conduct  parallel  chemical  in- 
^vestigation  with  them,  in  order  to  understand  the  operation  of  the 
IMendelian  factors  involved. 

2.  As  a  beginning  in  this  work,  we  have  isolated  a  flavonol 

glucoside  from  brown-husked  maize,  one  member  of  Emerson's 

series  and  the  lowest  one  showing  the  presence  of  a  pigment  of  the 

groups  under  consideration.    This  glucoside  is  found  to  be  the 

same  as  Perkin's  isoquercitrin,  originally  isolated  from  cotton, 

-and  probably  the  same  as  an  unnamed  glucoside   isolated  by 

Beyl  from  pollen  of  ragweed.     It  is  a  monoglucoside  yielding  only 

glucose  and  quercetin  on  hydrolysis.    The  large  yield  of  this 

glucoside  obtained  from  corn  husks  made  it  possible  to  add  to  the 

characterization  of  isoquercitrin  by  Perkin  who  had  only  a  limited 

amount  at  his  disposal.    As  a  contribution  to  the  more  accurate 

identification  of  such  pigments,  the  spectral  transmission  has  been 

determined  by  McNicholas  and  Frehafer  of  the  U.  S.  Bureau  of 

Standards.    Their  data  are  published  in  Fig.  2. 

3.  It  is  suggested  that  spectrophotometry  and  spectrographs 
comparison  of  the  pigments  of  the  flavones,  flavonols,  and  antho- 
cyanidins  may  possibly  afford  the  best  evidence  as  to  the  points 
of  attachment  of  the  sugar  residues  in  the  glucosides. 


CHART  FOR  THE  CONVERSION   OF  COLOREMETRIC 
READINGS  INTO  HYDROGEN  ION  CONCENTRATION. 

By  J.  F.  McCLENDON. 
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Medical  School,  Minneapolis.) 

(Received  for  publication,  May  29,  1922.) 

The  most  popular  method  of  determining  hydrogen  ion  concen- 
tration by  the  use  of  indicators  has  been  the  method  of  making 
"fcuffer  mixtures  of  known  hydrogen  ion  concentration  and  adding 
indicators  to  them;  at  the  same  time  adding  the  same  quantity  of 
"indicator  to  the  same  volume  of  the  unknown  mixture  and  noting 
-the  buffer  mixture  that  matched  the  unknown  in  color.    This 
method  necessitated  knowing  two  things:  one  was  the  hydrogen 
ion  concentrations  of  the  buffer  mixtures  and  the  other  was  the 
<lifference  in  salt  error  between  the  buffer  mixture  and  the  un- 
known.    In  the  practical  working  of  the  method  other  difficulties 
arose:  (1)  errors  due  to  concentration  of  the  indicator,  since  the 
same  quantity  6T indicator  had  to  be  added  to  the  buffer  mixture 
and  to  the  unknown,  and  (2)  errors  due  to  impurities  in  the 
indicator.    These  errors  were  difficult  to  avoid  when  the  buffer 
mixture  was  sealed  up  and  kept  for  a  long  time  after  the  indicator 
]i§tfL_heen  added.     If, ^however,  tfie  indicator  is  added   to  the 
standard  at  the  same  time  it  is  added  jto  thejinkaown,  such  errors 
can  easily  be  avoided  since  the  same  sample  of  indicator  can  be 
used  in  adding  portions  to  the  unknown  and  to  standard  solutions. 
Perhaps  on  account  of  the  above  difficulties  a  number  of  persons 
have  recently  been  using  methods  based  on  the  percentage  of  the 
indicator  that  is  in  the  so  called  dissociated  condition. 

We  do  not  wish  here  to  go  into  the  theory  of  the  color  production, 
but  take  the  simple  hypothesis  of  Ostwald  that  the  free  indicator 
is  undissociated  and  the  salt  of  the  indicator  is  largely,  and  under 
certain  conditions,  100  per  cent  dissociated.  Perhaps  the  sim- 
plest application  of  this  method  is  the  use  of  indicators  which  are 
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Colorless  in  the  undissociated  condition,  such  as  phenolphthalein, 
and  compare  the  colors  in  a  Duboscq  colorimeter  as  follows: 
Equal  volumes  of  unknown  solution  and  of  distilled  water  that 
has  been  made  alkaline  are  taken,  and  to  each  of  these  the  same 
quantity  of  indicator  is  added.  In  the  alkaline-distilled-water- 
solution  it  is  presumed  that  100  per  cent  of  the  indicator  is  dis- 
sociated or  in  the  red  condition.  This  is  tested  by  adding  more 
alkali  until  the  indicator  solution  does  not  become  any  redder. 
The  unknown  solution  with  indicator  is  placed  in  the  left-hand 
cup  of  the  colorimeter  and  this  cup  set  at  some  known  point,  such 
as  10  mm.,  between  the  plunger  and  the  bottom  of  the  cup.  The 
alkaline  solution  of  the  indicator  is  added  to  the  right-hand  cup  and 
the  plunger  is  raised  and  lowered  until  a  color  match  is  obtained. 
The  reading  on  the  right  millimeter  scale,  if  multiplied  by  10, 
will  give  the  percentage  of  the  indicator  that  is  dissociated  in  the 
left-hand  cup.  It  remains  to  interpret  this  in  terms  of  hydrogen 
ion  concentration,  which  is  done  by  the  following  formula: 

K 

a  = 


X  +  [H+] 

a  is  the  degree  of  dissociation,  K  is  the  dissociation  constant,  and  [H+]  is 
the  concentration  of  hydrogen  ions. 

Such  calculations,  however,  although  they  are  done  easily 
by  many  workers,  are  only  accomplished  with  difficulty  by  others,, 
and  often  the  liability  for  error  is  proportional  to  the  difficulty. 
It  therefore  seems  desirable  to  use  the  graphic  method  of  working 
out  this  formula.  Clark,  in  his  book  on  determination  of  hydro- 
gen ions,  has  drawn  the  graphs  for  a  number  of  indicators,  showing 
the  relation  of  hydrogen  ion  concentration  to  percentage  dissocia- 
tion. These  graphs  are  curves  which  are  not  easily  drawn  by 
everyone,  and,  therefore,  it  seemed  desirable  to  change  the  graph 
paper  in  such  a  way  that  the  curves  would  become  straight  lines. 
This  cannot  be  done  with  any  of  the  ordinary  graph  papers  in 
use,  and  when  it  is  done  the  different  regions  of  the  graph  have 
different  ratios  of  numerical  value  to  actual  dimensions,  and  some 
slight  error  may  arise  in  interpolation  between  the  lines  on  the 
graph.  Such  errors,  however,  should  be  small  and,  therefore, 
it  seemed  desirable  to  publish  the  accompanying  graph  with 
tentative  values  for  a  number  of  indicators.     The  diagonals 
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represent  the  same  functions  as  the  curves  in  the  charts  in  Clark's 
book  and  therefore  should  be  easily  understood  by  anyone  familiar 
with  hydrogen  ion  determinations.1 

We  add  phenolphthalein,  for  instance,  to  the  unknown  solution 
coming  within  its  range  placed  in  the  left-hand  cup  of  the  Duboscq 
colorimeter  and  to  alkaline  water  in  the  right-hand  cup.  If  the  left- 
hand  cup  is  set  at  10  mm.  and  the  right-hand  cup  adjusted  so  as  to 
obtain  a  color  match,  the  reading  on  the  right-hand  scale  multiplied 
by  10  will  give  the  percentage  dissociation  of  the  indicator  in  the 
unknown  solution.  This  percentage  dissociation  is  then  trans- 
ferred to  the  chart  and  its  coordinate  following  to  diagonal  for 
phenolphthalein.  The  point  of  intersection  will  give  on  the 
abscissa  the  pH  value  (or  logarithm  of  the  reciprocal  of  the  hydro- 
gen ion  concentration).  The  same  principle  can  be  used  with 
thymolphthalein,  a-naphtholphthalein,  and  related  indicators. 
In  case  of  the  sulfonic  acid  compounds  of  these  indicators  the 
Duboscq  colorimeter,  as  ordinarily  used,  will  read  with  difficulty, 
owing  to  the  fact  (with  phenol  red,  for  instance)  that  the  unknown 
solution  in  the  left-hand  cup  will  show  orange,  which  is  a  mixture 
of  red  and  yellow,  whereas  the  right-hand  cup  will  show  only 
different  intensities  of  red  as  the  cup  is  moved  up  or  down.  The 
eye  cannot  evaluate  the  red  in  the  orange  without  the  use  of  a 
color  screen  which  would  absorb  the  yellow.  The  color  screen 
would  be  placed  between  the  eye  and  the  eyepiece  of  the  color- 
imeter. 

Another  method  would  be  to  use  a  color  screen  absorbing  the 
red  or  to  use  monochromatic  light  in  illuminating  the  apparatus. 
Suppose  we  use  sodium  light.  This  would  pass  through  the  yel- 
low solution  and  yet  it  would  be  absorbed  by  the  red  and  hence 
the  red  alone  or  the  red  element  in  the  orange  would  appear  dark 
and  a  matching  of  the  two  sides  would  be  a  matching  of  the 
intensity  of  monochromatic  light. 

1  See  Clark,  W.  M.,  The  determination  of  hydrogen  ions,  Baltimore, 
1920.    The   equation   on   which   the   chart   is   based    is    No.   7,  p.    20: 

pH  =  logl^T=logi  +  logr^.- 

a 

Values  of  log are  given  on  p.  306. 

1  —  a 
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A  simple  method  of  matching  these  sulfonic  acid  dyes,  sue 
as  phenol  red,  has  been  used  by  Barnett  and  Barnett2  and  full 
described  by  them.  The  principle  of  this  is  a  rectangular  troug 
of  glass,  divided  diagonally  by  a  vertical  sheet  of  glass  into  tv> 
compartments.  The  equal  volumes,  say  100  cc.  of  unknown  an 
of  two  distilled  water  solutions,  are  carefully  measured  out  ar 
the  same  quantity  of  indicator  added  to  each.  One  of  these  di 
tilled  water  solutions  is  made  acid  until  the  indicator  is  all  in  tl 
yellow  form  and  the  other  made  alkaline  until  the  indicator 
all  in  the  red  form  and  the  yellow  solution  is  added  to  one  con 
partment  and  the  red  to  the  other.  If  we  then  look  through  tl 
trough  in  the  horizontal  direction,  the  color  shades  from  yello 
at  one  end  through  various  shades  of  orange  to  red  at  the  oth< 
end.  In  another  rectangular  trough,  made  the  same  thickne 
as  this  one,  the  unknown  is  placed.  The  unknown  is  then  move 
back  and  forth  above  the  former  and  matched  with  some  portic 
of  the  long  trough.  This  point  of  matching  is  then  measured  : 
percentage  of  the  total  length,  beginning  at  the  yellow  end;  thj 
is  to  say,  the  percentage  red  is  determined  in  this  way.  Wil 
this  value  of  percentage  red  (percentage  dissociation)  we  may  u 
Chart  1  as  we  did  with  phenolphthalein. 

Victor  Myers8  has  demonstrated  a  double-wedged  colorimet* 
built  on  the  same  principles  as  this  simple  trough  and  the  valu< 
obtained  with  it  may  be  converted  into  pH  values  by  Chart  1. 

Another  apparatus  that  has  been  used  is  a  Duboscq  colorimeto 
with  two  cups  on  the  right-hand  side,  one  movable  and  workir 
inside  the  other.  This  has  been  described  with  detailed  instructioi 
as  to  its  use.4  One  of  these  instruments  was  made  under  the  dire< 
tion  of  E.  P.  Lyon  and  used  considerably,  the  values  being  inte 
preted  by  means  of  Chart  1  and  compared  with  values  obtained  h 
the  use  of  buffer  solutions.  The  method  is  simply  the  placing  of  tl 
unknown  in  the  left-hand  cup  (colored  with  phenol  red,  for  ii 
stance)  and  taking  the  red  solution  out  of  Barnett's  apparati 
and  placing  it  in  the  inner  cup  and  the  yellow  solution  out  ( 
Barnett's  apparatus  and  placing  it  in  the  outer  cup.     The  out* 

*  Barnett,  G.  D.,  and  Barnett,  C.  \V.,  Proc.  Soc.  Exp.  Biol,  and  Med 
1920-21,  xviii,  127. 

8  Myers,  V.  C,  J.  Biol.  Chem.,  1922,  1,  p.  xxii. 

*  Gillespie,  L.  J.,  J.  BacL,  1921,  vi,  399. 
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cup  and  the  plunger  are  fixed  and  only  the  inner  cup  is  movable. 
The  scale  on  the  right-hand  side  measures  in  millimeters,  but 
applies  to  the  movement  of  the  inner  cup  only.  The  outer  cup  is 
fixed  the  same  distance  from  the  plunger  as  the  left-hand  cup, 
namely  10  mm.  in  this  case.  The  unknown  will  show  an  orange 
color.  By  moving  the  inner  cup  up  and  down  an  exact  color 
match  will  be  obtained.  When  the  cup  moves  upward  the  red 
is  decreased  and  the  yellow  increased  and  when  it  is  moved  down- 
ward the  red  is  increased  and  the  yellow  decreased. 

The  chief  value  of  Chart  1  probably  rests  in  the  ease  with  which 
new  data  may  be  added  to  it.  For  instance,  let  us  suppose  that 
we  have  an  indicator  that  is  not  on  the  chart.  We  first  deter- 
mine its  dissociation  constant  (K).  If  we  take  the  logarithm  of 
the  reciprocal  of  the  dissociation  constant  and  find  its  numerical 
value  on  the  pH  scale  and  make  a  mark  where  it  crosses  the  50 
per  cent  coordinate,  and  draw  through  this  point  of  intersection 
a  diagonal  line  parallel  to  the  diagonals  on  the  chart,  we  will 
have  a  "curve"  for  converting  values  obtained  with  this  indicator 
into  pH  values  as  has  been  described.  Some  samples  of  indicator 
may  show  dissociation  constants  different  from  those  of  other 
samples  and  new  diagonal  lines  for  these  new  samples  may  be 
made  in  this  same  manner.  Also  the  presence  of  neutral  salts  may 
change  the  dissociation  constant  of  an  indicator  and  in  this  way  a 
new  diagonal  for  a  different  salt  concentration  may  be  drawn.  It 
is  not  even  necessary  to  know  the  dissociation  constant.  If  we 
can  determine  the  dissociation  at  any  pH  value  and  fix  this  point 
on  the  chart  and  draw  a  diagonal  through  this  point  parallel  to 
the  diagonals,  we  have  the  values  for  the  new  indicator  or  for 
any  indicator  under  new  conditions. 

The  different  regions  of  the  chart  are  not  of  the  same  sensitive- 
ness so  far  as  the  detecting  of  the  color  change  is  concerned.  The 
eye  is  subject  to  Weber's  law,  that  is  to  say,  the  eye  detects  a 
percentage  change  in  a  color,  and  the  absolute  change  it  can  de- 
tect is  less  the  greater  the  intensity  of  the  color.  For  this  reason 
the  portion  of  the  chart  showing  less  than  50  per  cent  dissociation 
is  more  sensitive  than  that  showing  more  than  50  per  cent.  In 
case  of  methyl  red,  however,  the  reciprocal  of  the  dissociation 
was  used  in  drawing  its  curve  in  order  to  obtain  the  same  slope  of 
the  curve  as  in  the  case  of  acid  dyes.    This  will  lead  to  no  error 


J.  F.  McClendon  653 

in  practical  application  since  the  same  conventions  in  the  acid 
and  alkaline  solutions  of  the  dye  will  be  used,  but  the  portion  of 
the  chart  that  is  marked  for  more  than  50  per  cent  dissociation 
would  be  the  most  sensitive  region  for  methyl  red. 

Note  Added  to  Proof. — According  to  Michaelis  and  Gyemant,*  the  curve 
for  phenolphthalein  is  not  quite  a  straight  line  as  in  the  chart.  Their 
figures  for  100  a  and  pH  are  as  follows:  10,  8.95;  20,  9.20;  30,  9.35;  40,  9.50; 
50,  9.70;  60,  9.90;  70,  10.10;  80,  10.30.  They  also  add  the  following  useful 
indicators  with  the  pH  at  a  =  50  per  cent;  2,6-dinitrophenol,  3.69;  2,4- 
dinitrophenol,  4.06;  p-nitrophenol,  7.18;  m-nitrophenol,  8.35.  They  made 
these  determinations  at  18°  and  they  found  that  rise  in  temperature  moves 
the  figures  to  the  acid  side;  that  is  to  say,  the  values  for  pH  decrease 
slightly. 

6  Michaelis,  L.,  and  Gyemant,  A.,  Biochem.  Z.,  1920,  cix,  165. 


STUDIES  ON  ENZYME  ACTION. 

XXI.  BANANA  GEL  AND  BANANA  SUCRASB. 

By  K.  GEORGE  FALK  and  GRACE  McGUIRE. 

(From  the  Harriman  Research  Laboratory,   The  Roosevelt  Hospital, 

New  York.) 

(Received  for  publication,  October  11,  1922.) 

INTRODUCTION. 

Some  of  the  properties  of  the  sucrolytic  enzyme  obtained  from 
bananas  were  described  in  a  previous  paper.1  The  conditions 
for  action,  the  occurrence  of  soluble  and  insoluble  forms,  and  a 
transformation  of  the  former  into  the  latter,  were  discussed.  In 
a  subsequent  paper,2  the  properties  of  banana  gels,  their  forma- 
tion, and  conditions  of  relative  stability,  were  described  without, 
however,  considering  the  accompanying  enzyme  actions. 

In  this  paper  the  properties  of  the  banana  gels  will  be  consid- 
ered more  fully,  especially  in  connection  with  the  sucrase  actions 
of  the  preparations.  The  topics  studied  may  be  grouped  as 
follows:  (a)  Relation  between  gel  formation  and  sucrase  content 
of  gel  with  sodium  chloride  extracts  of  banana  pulp;  (ft)  similar 
studies  comparing  sodium  chloride,  sodium  nitrate,  sodium  sul- 
fate, and  magnesium  sulfate  extracts;  (c)  sucrase  contents  of  gel 
and  solution,  with  gel  prepared  by  the  action  of  pancreatin  on 
banana  pulp  extract;  and  (d)  separation  of  gel  and  sucrase  sub- 
stances by  various  treatments. 

EXPERIMENTAL   METHODS   AND   RESULTS. 

The  method  of  obtaining  banana  extracts  was  similar  to  that 
described  previously1  and  is  briefly  as  follows:  Ripe  bananas 
were  peeled,  the  pulp  was  passed  through  a  food  chopper,  the  finest 
cutter  being  used,  mixed  thoroughly  with  the  extracting  solu- 

1  Falk,  K.  G.,  and  McGuire,  G.,  J.  Gen.  Physiol.,  1920-21,  iii,  595. 
1  McGuire,  G.,  and  Falk,  K.  G.,  /.  Gen.  Physiol.,  1921-22,  iv,  437. 
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tion,  and  after  standing  a  definite  length  of  time  (45  minutes  as 
a  rule),  poured  on  a  large  folded  filter  on  ribbed  funnels.  Fil- 
tration proceeded  slowly  and  the  filtrate  was  collected  for  about 
18  hours.  Longer  time  and  filtration  through  fresh  filter  papers 
gave  very  little  additional  filtrate.  Toluene  was  added  to  the 
pulp  mixture  when  it  was  put  on  the  filter  and  to  the  filtrate.  It 
was  not  added  to  and  mixed  with  the  pulp  before  filtration  be- 
cause of  its  possible  precipitating,  coagulating,  or  other  action. 
The  activity  of  preparations  was  tested  in  a  manner  similar  to 
that  already  described.  The  enzyme  preparation  was  incubated 
at  37.5°  for  3  to  24  hours,  diluted,  and  the  reducing  substances 
were  determined  by  the  reduction  of  Fehling's  solution.8 

The  results  obtained  in  extracting  the  same  quantity  of  pulp 
with  different  quantities  and  concentrations  of  sodium  chloride 
solution  as  contrasted  with  water  extraction  and  with  no  added 
liquid,  are  given  in  Table  I. 

The  results  with  the  sodium  chloride  extractions  given  in 
Table  I  were  obtained  with  two  different  batches  of  bananas, 
Series  A  and  B.  The  results  with  the  different  batches  are  not 
strictly  comparable  because  of  the  variations  to  be  found  in  the 
compositions,  etc.,  of  different  bananas,  but  the  general  relations 
are  always  the  same.  The  conclusions  to  be  drawn  from  these 
results  are  as  follows: 

1.  Gel  formation  decreased  with  increase  in  sodium  chloride 
concentration  of  the  extracting  liquids  (confirming  former  results). 

2.  The  sucrase  actions  of  the  extracts  (as  shown  by  the  activities 
of  the  gels)  increased  with  the  presence  of  sodium  chloride  in 
the  extracting  liquids.  A  very  large  increase  in  the  amount  of 
extracting  liquid  (sodium  chloride  solution)  showed  a  decrease 
in  sucrase  concentration  although  an  increase  in  total  sucrase 
extracted. 

3.  The  volumes  of  liquid  retained  by  the  pulp  varied  with 
the  different  batches.  With  a  certain  addition  of  extracting  liquid, 
water  or  solution  derived  from  the  pulp  was  given  up  and  appeared 
in  the  filtrate;  with  a  greater  addition,  water  or  solution  was  re- 
tained by  the  pulp.  The  amount  of  liquid  retained  by  the  pulp 
in  any  one  series  appeared  to  be  independent  of  the  presence  or 

*  Sherman,  H.  C,  Kendall,  E.  C,  and  Clark,  E.  D.,  J.  Am.  Ch*m.  Soc.f 
1910,  xxxii,  1083. 
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absence  of  sodium  chloride  in  the  extracting  liquid  (also  shown 
by  experiments  not  quoted  in  the  table). 

4.  On  dialysis  against  tap  water  of  the  pulp  filtrates,  the  smaller 
the  amounts  of  added  extracting  liquids,  the  greater  the  relative 
increase  in  volume.  The  gel-forming  property  of  the  pulp  fil- 
trates on  dialysis  was  greater,  the  smaller  the  amounts  of  added 
extracting  liquids. 

The  presence  of  calcium  salts  in  the  sodium  chloride  in  experi- 
ments similar  to  those  of  Table  I,  Series  B,  with  the  same  batch 
of  bananas  showed  gel  formation  with  the  undialyzed  extract 
with  a  smaller  concentration  of  added  calcium  salt  (and  suitable 
alkali)  than  in  the  extraction  with  pure  sodium  chloride  solution, 
while  the  gel  formation  upon  dialysis  against  tap  water  and  the 
solubility  of  the  sucrase  were  the  same  in  the  two  cases. 

The  filtrates  from  the  gels  shown  in  Table  I  in  almost  all  the 
experiments  contained  no  sucrose.  In  a  few  isolated  experiments, 
on  prolonged  incubation  with  sucrose,  a  trace  of  activity  was 
observed. 

The  results  obtained  in  the  extraction  of  gel-forming  substance 
and  of  sucrase  substance  by  solutions  of  various  salts  of  different 
concentrations  including  sodium  chloride,  sodium  nitrate,  sodium 
sulfate,  and  magnesium  sulfate  are  given  in  Table  II.     A  1:2 
ratio  of  cc.  of  extracting  liquid  to  gm.  of  pulp  was  used  in  each 
case.    Each  experiment  of  Series  A,  B,  C,  and  D,  was  carried 
out  with  one  batch  of  bananas  and  different  concentrations  of  a 
salt,  while  Series  E  compared  a  number  of  different  salts  at  their 
most  satisfactory  concentrations  for  sucrase  extraction  on  the 
pulp  from  the  same  batch*  of  bananas.    The  extracts  were  dialyzed 
against  tap  water  for  18  hours  and  then  tested  for  sucrase  action  - 
and  for  gel  formation  with  calcium  chloride  solution  and  ammon — 
ium  hydroxide  to  bring  the  mixtures  to  pH  7.0.     With  the  ex — 
ception  of  1.2  m  magnesium  sulfate  extract,  the  gel  was  just? 
beginning  to  form,  or  had  formed  only  to  a  very  small  extent 
after  18  hours  dialysis,  and  did  not  prevent  the  formation  of  a 
comparative  gelling  series  upon  the  addition  of  calcium  salt  and 
alkali.    The  extracting  solutions  and  filtrates  were  all  at  pH  5.0. 

The  conclusions  which  may  be  drawn  from  the  results  given 
in  Table  II  are  as  follows: 
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1.  Increase  in  concentration  of  the  salt  decreased  the  amount 
f  gel-forming  substance  extracted  in  the  sodium  chloride  and 
xiium  nitrate  series,  and  in  the  magnesium  sulfate  series  in  the 
iore  concentrated  solutions.  Very  little  difference  in  this  property 
as  observed  in  the  sodium  sulfate  series,  possibly  because  of 
le  batch  of  bananas  used  as  shown  by  the  gel  from  the  water 
ctract. 

2.  Salt  solutions  extracted  more  sucrase  than  did  the  water 
one.  (a)  With  sodium  chloride,  increase  in  the  concentration 
r  salt  increased  the  amount  of  sucrase  extracted  with  a  possible 
Laximum  concentration  between  1  and  2  m.  (6)  With  sodium 
Urate,  a  maximum  sucrase  extraction  was  obtained  at  about 
24  m,  higher  salt  concentrations  not  increasing  the  amount  of 
lcrase.  (c)  With  sodium  sulfate,  a  similar  maximum  was  ob- 
lined  at  0.12  m.  (d)  With  magnesium  sulfate,  a  similar  maximum 
as  obtained  at  0.24  m.  (e)  With  different  salts  at  their  maximum 
lcrase  extraction  actions,  the  concentrations  of  sucrase  extracted 
om  the  same  pulp  differed  only  to  minor  extents. 

3.  No  regularity  exists  between  the  amounts  of  the  filtrates,  or 
mounts  of  liquid  held  back  or  retained  by  the  pulp,  and  the 
Dncentration  of  salt,  except  for  the  case  of  sodium  nitrate,  where 
iore  liquid  was  held  back  by  the  pulp  with  increase  in  concentra- 
ion  of  the  sodium  nitrate. 

4.  On  dialysis  against  tap  water  in  collodion  bags  for  18  hours, 
he  increases  in  the  volumes  of  all  the  filtrates  were  of  the  same 
rder  of  magnitude  and  independent  of  the  salts  and  their  con- 
entrations  in  the  filtrates. 

As  in  the  results  shown  in  Table  I,  the  filtrates  from  the  gels 
howed  no  sucrase  activity. 

If  the  banana  pulp  filtrates  as  originally  obtained  were  boiled 
or  a  few  minutes,  no  gels  were  obtained  either  on  dialysis  or  on 
xeatment  with  calcium  salts  in  alkaline  solutions.  Boiling  also 
lestroyed  the  sucrase  actions  of  the  extracts. 

The  experimental  data  relative  to  the  formation  of  gel  from 
Danana  pulp  extracts  by  the  action  of  a  pancreatin  preparation 
(U.  S.  P.  VIII  Revision)  on  incubation  at  37°  at  pH  5.0,  and  the 
distribution  of  the  sucrase  between  the  gel  formed  in  this  way 
and  the  liquid  are  given  in  Table  III.  These  experiments  were 
planned  originally  for  an  entirely  different  purpose.    It  was 
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thought  that  the  action  of  the  pancreatin  enzymes  might  result 
in  the  decomposition  of  the  substances  which  formed  gels  with 
calcium  salts  and  in  this  way  possibly  throw  light  on  the  chemi- 
cal nature  of  these  substances.  In  place  of  destroying  the  gel- 
forming  substances  in  the  banana  extracts,  the  pancreatin  itself 
caused  the  formation  of  a  gel.  The  conclusions  from  the  results 
shown  in  Table  III  are  as  follows: 

1.  The  filtrates  from  the  gels  showed  marked  sucrase  activities. 
Longer  times  of  incubation  were  found  to  diminish  these  activities, 
perhaps  because  of  the  higher  temperature  of  incubation  (results 
not  shown  in  the  table). 

2.  The  filtrates  from  the  gels  on  treatment  with  calcium  salts 
at  pH  7.0  or  more  alkaline  conditions  did  not  form  any  gels  but 
only  cloudy  solutions  with  slight  precipitates. 

3.  Gel  formation  occurred  at  pH  5.0  on  incubation  of  the 
banana  pulp  filtrates  with  pancreatin  at  37°.  Different  salt 
extracts  formed  gels  in  different  lengths  of  time.  Sodium  sul- 
fate extracts  formed  gel  more  slowly  than  did  the  aqueous  ex- 
tracts or  the  sodium  chloride  or  sodium  nitrate  extracts.  None 
of  the  extracts  was  dialyzed  before  incubation. 

4.  If  the  banana  pulp  filtrates  as  originally  obtained  were 
boiled  for  a  few  minutes,  subsequent  incubation  with  pancreatin 
did  not  result  in  the  formation  of  gels. 

3  days  treatment  of  a  sodium  chloride  extract  at  5°  with  pan- 
creatin did  not  result  in  the  formation  of  a  gel.  Boiled  pancreatin 
solution  incubated  with  banana  pulp  filtrates  at  37°  did  not  form 
gels. 

The  pancreatin  preparation  showed  no  sucrase  action. 

No  attempt  was  made  to  measure  the  sucrase  content  of  the 
pancreatin  gel  because  of  sucrase  present  in  the  bathing  liquid. 

An  experiment  was  carried  out  with  a  sodium  chloride  (0.25  m) 
extraction  of  banana  pulp  at  pH  3.5  (hydrochloric  acid  added  to 
bring  about  this  reaction).  The  filtrate  on  standing  at  room 
temperature  showed  the  separation  of  a  gel  after  6  days.  This 
gel  gave  marked  sucrase  action  while  the  filtrate  from  it  gave 
none. 

The  results  obtained  in  the  conversion  of  the  "insoluble"  form 
of  sucrase  (in  the  calcium  gel)  into  a  soluble  form  are  given  in 
Table  IV. 
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Banana  Gel  and  Banana  Sucrase 


TABLE  IV. 
Distribution  of  Sucrose  in  Oels  and  Filtrates  after  Various  Treatments. 


Experi- 
ment 
No. 


Salt  used  and  treatment  of  extract. 


Part  tested. 


I       Activity 
calculated  to  1 
ee.  undialysed 
extract. 


Series  I.  Sodium  sulfate  extract. 


mg.  CuiO 

1 

Gel  mixture  formed  by  dialyzing  27  hrs. 
against  tap  water. 

Mixture. 
Filtrate. 
Gel. 

510 

0 

340 

2 

27  hr.  tap  water  gel  from  Experiment  1, 
dialyzed   4   days    against    distilled 
water.    Filtered  through  paper. 

Filtrate. 

260 

3 

Unfiltered  distilled  water  mixture  from 
Experiment  2,  centrif  uged  in  Sharpies 
supercentrifuge  at  35,000  r.p.m.  for 
7  min.    Filtered  through  paper. 

Filtrate. 

370 

4 

Gel  mixture  formed  by  dialyzing  48  hrs. 
against  tap  water. 

Mixture. 

500 

5 

48  hr.  tap  water  gel  from  Experiment  4, 
dialyzed    4   days    against    distilled 
water.    Filtered  through  paper. 

Filtrate. 

200 

Series  II.  Magnesium  sulfate  extract. 

6 

Gel  mixture  formed  by  dialyzing  27  hrs. 
against  tap  water. 

Mixture. 
Filtrate. 
Gel. 

350 

0 

340 

7 

27  hr.  tap  water  gel  mixture  from  Ex- 
periment 6,  dialyzed  4  days  against 
distilled    water.     Filtered     through 
paper. 

Filtrate. 

290 

The  conclusions  from  the  results  in  Table  IV  are  as  follows: 
1.  Tap  water  or  calcium  gel  upon  filtration  through  paper  gave 
a  water-clear,  colorless,  inactive  filtrate  and  an  active  light  brown 
gel. 
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2.  Tap  water  or  calcium  gel  dialyzed  against  distilled  water 
lost  its  gel-like  form  and  upon  filtration  through  paper  gave  a 
slightly  cloudy,  active  filtrate. 

3.  Centrifuging  the  unfiltered  active  liquid  from  Experiment  2 
at  35,000  r.p.m.  for  7  minutes  threw  out  a  very  small  amount  of 
solid  matter  and  upon  filtration  through  paper  gave  a  more  active 
filtrate.  Presumably,  the  fine  particles  thrown  out  in  the  Sharpies 
supercentrif uge  tended  to  clog  the  paper  filter  and  hold  back  some 
of  the  activity  present  in  colloidal  form. 

The  results  in  the  table  refer  to  several  of  the  experiments  with 
sodium  sulfate  and  magnesium  sulfate  extracts.  Similar  results 
were  obtained  with  sodium  chloride  and  sodium  nitrate  extracts. 
Because  of  the  small  activity  of  the  aqueous  extracts,  the  gels 
formed  from  these  were  not  tested  in  this  way,  although  they 
were  found  to  be  destroyed  by  similar  dialysis. 

Numerous  other  attempts  to  convert  the  insoluble  into  the 
soluble  form  were  unsuccessful. 

DISCUSSION. 

The  work  described  in  this  paper  was  carried  out  with  the 
primary  intention  of  studying  the  properties  of  the  enzyme  su- 
crase  in  so  far  as  these  involve  the  possibility  of  separation  from 
insoluble  material,  and  the  relation  of  the  soluble  to  the  insoluble 
enzyme.  In  the  course  of  this  investigation  it  was  necessary  to 
enter  into  the  question  of  gel  formation,  etc.,  to  a  certain  extent. 

The  first  important  conclusion  is  that  the  gel-forming  property 
and  the  sucrase  property  of  the  banana  are  due  to  different  sub- 
stances. This  is  shown  in  the  first  place  by  the  greater  solubility 
of  the  gel-forming  substance  in  water  and  of  the  sucrase  substance 
in  salt  solution.  Both  properties  are,  however,  destroyed  by 
boiling  their  solutions. 

The  gel  formation  was  brought  about  by  dialysis  against  tap 
water  (of  a  certain  calcium  salt  content  and  alkalinity)  by  treat- 
ment with  calcium  salt  and  alkali,  and  by  incubation  with  a 
pancreatin  preparation.  In  order  to  study  the  sucrase  actions, 
the  second  method  of  gel  formation  could  not  be  used,  because 
the  alkali  inactivated  the  sucrase  to  a  considerable  extent.  In  the 
first  method,  presumably  the  alkali  penetrated  the  collodion  bag 
very  slowly,  the  gel  forming  first  along  the  inner  wall  of  the  bag,  in 
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this  way  causing  only  slight  inactivation  of  the  enzyme.  The 
calcium  gel  could  be  destroyed  without  simultaneous  inactiva- 
tion of  the  accompanying  sucrase  by  dialysis  against  distilled 
water.  Attempts  to  remove  the  calcium  by  precipitation  would 
involve  the  use  of  alkali,  and  were,  therefore,  ruled  out. 

The  calcium  gels  contained  all  the  sucrase  present  originally, 
the  pancreatin  gels  only  a  part  or  none.  Although  the  properties 
of  the  calcium  and  pancreatin  gels  may  be  different,  they  involve 
the  same  substance  or  substances,  since  the  filtrate  from  each 
gave  no  gel  by  the  other  treatment.  The  formation  of  a  gel  by 
the  action  of  pancreatin  on  banana  extract  is  of  special  interest 
in  view  of  the  work  of  Willstatter  and  Racke4  who  treated  yeast 
cells  by  different  methods,  including  the  actions  of  enzymes,  to 
bring  the  yeast  sucrase  into  solution.  It  may  be  pointed  out 
that  the  gel  formation  in  the  present  instance  appeared  to  be 
connected  with  the  presence  of  an  amylolytic  or  similar  enzyme 
and  not  with  the  proteolytic  action,  since  the  use  of  papain  in 
place  of  pancreatin  did  not  produce  a  gel. 

The  molecular  aggregates  or  micellae  which  form  the  gel  include 
within  themselves  the  whole  of  the  sucrase  present  when  the  gel 
was  formed  by  the  addition  of  calcium  salt  and  suitable  alkalinity, 
but  only  a  portion  or  none  of  the  sucrase  when  the  gel  was  formed 
by  the  action  of  pancreatin.  The  properties  of  the  gels  should 
be  explainable  upon  the  basis  of  the  principles  developed  by 
Loeb,  Proctor,  and  Wilson.5  A  practical  difficulty  in  the  present 
connection  lies  in  the  fact  that  the  gels  obtained  did  not  consist 
of  one  substance,  or  one  group  of  substances.  In  the  neighbor- 
hood of  25  per  cent  of  the  solid  matter  of  the  gel  was  protein  in 
character,  while  the  remainder  consisted  essentially  of  complex 
carbohydrate  material.  Also,  in  view  of  the  problem  studied, 
the  hydrogen  ion  concentrations  were  not  varied  over  wide  ranges 
because  of  the  possible  inactivating  effects  on  the  sucrase.  At 
the  same  time,  some  of  the  results  are  of  interest  in  the  general 
study  of  gel  behavior. 

The  retention  of  water  by  the  gels  on  filtering  through  paper 
(as  measured  by  the  volumes  of  the  filtrates)  may  be  taken  as  a 
rough  measure  of  the  swelling  properties  of  the  gels.    Because 

4  Cf.  Willstatter,  R.,  and  Racke,  F.,  Ann.  Chem.,  1922,  cdxxvii,  111. 
•  Summarized  by  Loeb,  J.,  Proteins  and  the  theory  of  colloidal  behavior, 
York,  1922. 
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of  the  unsatisfactory  nature  and  the  complexity  of  the  substances 
present  in  the  original  banana  pulp,  the  volumes  of  the  filtrates 
obtained  in  its  extraction  with  different  concentrations  of  various 
salts  gave  in  the  main  irregular  results  and  are  not  useful  in  the 
present  connection.  These  filtrates  (at  pH  5.0)  on  dialysis  in 
collodion  bags  against  tap  water  (pH  7.0  with  a  certain  calcium 
salt  content)  showed  very  nearly  the  same  increases  in  volumes 
independent  of  the  specific  salt  and  its  concentration  which  was 
used  in  the  extraction.  The  volumes  of  the  gels  formed  depended 
upon  the  concentration  of  the  gel-forming  substance  extracted 
from  the  banana  pulp  by  the  solution  in  question.  The  results 
showed  that  the  sucrase  substance  as  such  played  no  part  in  the 
swelling.  Unquestionably,  if  comparable  conditions  of  dialysis 
were  used,  it  would  be  found  that  the  Donnan  equilibrium  played 
an  important  part  in  the  retention  of  water  by  the  gels,6  although 
as  Loeb  pointed  out,  other  forces  may  also  be  involved  in  such 
an  action.7  This  question,  however,  was  not  studied  further 
in  the  present  connection. 

The  conditions  for  the  change  of  the  sucrase  from  the  insoluble 
to  the  soluble  state  and  vice  versa  are  of  main  interest  in  the  present 
connection.  Sucrase  from  various  sources  has  been  found,  as 
a  rule,  to  be  soluble  in  water.  An  exception,  however,  was  de- 
scribed some  years  ago  by  Vinson,8  who  showed  that  the  sucrase 
of  the  green  date  was  insoluble  and  that  of  the  ripe  date  soluble 
in  water. 

These  results  show  the  reciprocal  changes  of  the  soluble  and 
insoluble  forms  of  sucrase  by  simple  treatments  and  involving 
in  the  main  the  substances  present  in  the  material  from  which 
the  enzyme  was  originally  obtained.  Similar  changes  have  been 
shown  to  occur  when  certain  insoluble  colloids  such  as  aluminum 
hydroxide,  charcoal,  fullers'  earth,  etc.,  were  added  to  soluble 
sucrase  preparations  and  found  to  remove  the  sucrase  from 
solution  completely  under  certain  conditions,  and  upon  the  addi- 
tion of  certain  substances  (phosphate  or  citrate  mixtures  contain- 
ing sucrase,  etc.)  to  return  the  sucrase  to  the  solution.9    In  a  sense 

•  Loeb,*  Chapter  XI. 
7  Loeb,«  p.  194. 

•  Vinson,  A.  E.,  /.  Am.  Chem.  Soc,  1908,  xxx,  1005. 

•  Griffin,  E.  G.,  and  Nelson,  J.  M.,  /.  Am.  Chem.  Soc,  1916,  xxxviii,  722. 
Nelson,  J.  M.,  and  Hitchcock,  D.  I.,  /.  Am.  Chem.  Soc,  1921,  xliii,  1956, 
Willstatter,  R.,  and  Kuhn,  R.,  Z.  physiol.  Chem.,  1921,  cxvi,  53.   And  others. 
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these  changes  may  be  looked  upon  as  changes  in  solubility  of 
definite  substances  (whose  exact  chemical  nature  is  unknown  at 
present)  brought  about  by  combination  with  substances  whose 
chemical  natures  in  some  instances  are  known. 

This  discussion  leads  to  the  conclusion  that  a  definite  enzvme 
property  is  not  a  soluble  molecule  or  an  insoluble  molecule  as 
such.  The  evidence  indicates  that,  in  the  present  case,  the  su- 
crase property  on  the  one  hand  may  be  connected  with,  or  a  part 
of,  a  water-soluble  molecule  (or  soluble  in  solutions  containing 
various  salts)  and  on  the  other  hand,  as  the  result  of  comparatively 
simple  chemical  treatments,  changed  so  that  it  is  connected  with, 
or  a  part  of,  an  insoluble  compound.  If  the  hydrogen  ion  con- 
centrations for  optimum  actions  are  the  same  for  soluble  and 
insoluble  enzyme  preparations  (either  existing  naturally,  or 
prepared  as  such  in  vitro) ,  then  the  conclusion  is  permissible  that 
the  enzymically  active  parts  are  identical.  The  hydrogen  ion 
concentration  optima  are  the  properties  most  readily  measured 
quantitatively  and  are  therefore  most  frequently  used,  but  other 
chemical  properties,  such  as  actions  upon  different  simple  sub- 
strates, are  desirable.  The  simplest  chemical  interpretation  is 
that  the  enzyme  action  is  due  to  certain  groupings  present  at  one 
time  with  soluble  material,  at  another  time  with  insoluble  material. 

The  relation  between  soluble  and  insoluble  sucrase  has  been 
developed  here.  Sucrase  is  especially  suitable  for  these  studies 
because  of  its  comparative  stability.  The  conclusions  are,  how- 
ever, applicable  to  other  enzymes.  For  example,  it  has  been 
shown  that  a  sodium  chloride  extract-soluble,  but  water-insoluble, 
lipase  preparation  (as  distinct  from  esterase  preparation;  was 
obtained  from  castor  beans.10  An  analogous  lipase  preparation, 
but  soluble  in  water,  was  obtained  from  soy  beans.11  Studies  of 
the  solubility  changes  of  these  preparations  on  simple  treatments 
did  not  lead  to  any  conclusions  because  of  the  relative  instability 
of  the  preparations. 

Whether  the  change  of  a  soluble  enzyme  preparation  into  an 
insoluble  one  by  simple  treatment  is  considered  to  be  adsorption,  or 
chemical  interaction  according  to  definite  stoichiometrical  ra- 
tios, may,  at  the  present  time,  be  looked  upon  as  an  academic 

10  Falk,  K.  G.,  J.  Am.  Chem.  Soc,  1913,  xxxv,  1904. 

11  Falk,  K.  G.,  J.  Am.  Chem.  Soc,  1915,  xxxvii,  649. 
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question.  The  writers  prefer  to  speak  of  it  as  chemical  interac- 
tion, but  the  exact  significance  to  be  attached  to  the  words,  and 
this  applies  as  well  to  those  who  prefer  to  speak  of  the  changes 
as  adsorption,  must  wait  for  a  more  complete  and  satisfactory 
knowledge  of  the  chemical  structures  of  the  substances  involved, 
and  the  changes  accompanying  the  phenomena. 

The  writers  wish  to  express  their  thanks  to  Mr.  Isaac  Lorber- 
blatt  for  his  aid  in  preparing  the  banana  extracts  used  in  this 
work. 

CONCLUSIONS. 

The  properties  of  the  gels  obtained  from  banana  extract  by 
treatment  with  calcium  salts  and  alkali  or  with  pancreatin  and  of 
banana  sucrase  were  studied.  It  was  shown  that  different  sub- 
stances were  involved  in  the  gel  formations  and  in  the  enzyme 
actions,  although  boiling  the  solutions  destroyed  both  properties. 

The  formation  of  the  gel  and  the  conditions  for  dissolving  it 
without  inactivation  of  the  enzyme  were  described. 

The  relation  of  the  results  obtained  to  those  obtained  by  others, 
as  well  as  their  bearing  upon  some  general  enzyme  questions,  is 
discussed. 


ESTERIFICATION  OF  CREATINE.* 

By  ARTHUR  W.  DOX  and  LESTER  YODER. 

{From  the  Department  of  Chemical  Research,  Parke,  Davis  and  Company, 

Detroit.) 

(Received  for  publication,  October  9,  1922.) 

Many  of  the  amino-acids  resulting  from  hydrolysis  of  proteins 
have  been  esterified  by  treatment  with  absolute  alcohol  and  dry 
hydrogen  chloride.  The  amino-acid,  usually  amphoteric  in 
reaction  because  of  the  simultaneous  presence  of  an  amino  and  a 
carboxyl  group,  becomes  strongly  basic  when  the  carboxyl  is 
esterified,  and  the  amino  group  readily  adds  an  equivalent  of 
mineral  acid  to  form  a  stable  crystalline  salt.  Fractional  distilla- 
tion in  vacuo  of  these  basic  esters  constitutes  Fischer's  well  known 
method  of  separating  certain  of  the  amino-acids  present  in  the 
acid  hydrolysate  of  proteins. 

From  glycine,  or  aminoacetic  acid,  the  simplest  of  the  amino- 
acids,  the  hydrochloride  of  the  ethyl  ester  is  readily  obtained  in 
large  crystals.  Creatine,  or  methylguanidine-acetic  acid,  may 
be  regarded  as  a  substituted  glycine.  The  conversion  of  creatine 
into  creatinine  by  loss  of  water  is  readily  effected  by  treatment 
with  mineral  acid.  It  was  significant,  therefore,  to  find  that 
treatment  of  creatine  with  absolute  alcohol  and  dry  hydrogen 
chloride,  a  condition  ideal  for  the  removal  of  water,  resulted  not 
in  the  ring  closure  but  rather  in  esterification  of  the  carboxyl 
group.  Esters  were  readily  obtained  in  this  way  with  methyl, 
ethyl,  and  n-butyl  alcohols.  Since  no  esters  of  creatine  are  de- 
scribed in  the  literature,  the  following  derivatives  may  be  of 
interest. 

Creatine  Methyl  Ester  Hydrochloride. — 10  gm.  of  creatine,  pre- 
viously dried  at  100°,  were  suspended  in  100  cc.  of  absolute  methyl 
alcohol  and  dry  hydrogen  chloride  was  passed  in.    In  a  short  time 

*  Published  as  Contribution  No.  17  from  the  Department  of  Chemical 
Research,  Parke,  Davis  and  Company. 
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the  creatine  had  completely  dissolved.  The  addition  of  hydrogen 
chloride  was  continued  until  the  mixture  was  saturated  at  room 
temperature.  On  standing  over  night  no  crystals  separated.  2  vol- 
umes of  ether  were  added  and  the  mixture  was  cooled  in  ice  water. 
Within  half  an  hour  an  abundance  of  slender  needle-shaped  crys- 
tals had  separated.  These  were  filtered  and  washed  with  ether, 
then  recrystallized  from  ethyl  alcohol.  The  yield  was  9.0  gm.  of 
slender  needles,  very  soluble  in  water,  moderately  soluble  in 
alcohol,  and  insoluble  in  ether.  The  substance  has  a  strongly 
saline  taste.  It  melted  at  139-140°  with  evolution  of  gas,  and 
then  solidified.  When  gradually  heated  in  an  open  flask  in  an 
oil  bath  the  substance  sinters  together  without  melting.  In  this 
reaction  methyl  alcohol  is  given  off  and  ring  closure  occurs,  result- 
ing in  the  formation  of  creatinine  hydrochloride.  This  was 
identified  by  the  nitrogen  content  and  by  the  Jaflfe  reaction.  A 
dilute  solution  of  the  ester  hydrochloride  gives  with  picric  acid 
a  copious  separation  of  fine  yellow  needles.  The  ester  hydro- 
chloride gave  the  following  figures: 

Analysis. 

CsHnXsOt-HCl.    Calculated.    N  23.14,  CI  19.56. 

Found.  "  23.31,  23.38;  "  19.69,  19.52. 

Creatine  Ethyl  Ester  Hydrochloride. — 10  gm.  of  dry  creatine  were 
suspended  in  100  cc.  of  absolute  ethyl  alcohol  and  dry  hydrogen 
chloride  was  passed  in.  The  creatine  dissolved  as  in  the  pre- 
ceding preparation,  but  as  the  mixture  became  saturated  with 
hydrogen  chloride,  the  ester  hydrochloride  crystallized  out  without 
the  addition  of  ether.  After  recrystallizing  from  alcohol  11.5  gm. 
of  needle-shaped  crystals  were  obtained.  The  substance  melted 
at  163°  with  evolution  of  gas,  leaving  a  white  solid  residue  which 
gave  the  Jafite  test  for  creatinine.  It  is  readily  soluble  in  water, 
moderately  soluble  in  alcohol,  and  insoluble  in  ether,  and  forms 
a  difficultly  soluble  crystalline  picrate. 

Analysis . 

CiHi^OrHClT  Calculated.    N  21.48,  CI  18.16. 

"Found.  "  21.49,21.56;  "  17.68,  17.69. 

Creatine  n-Butyl  Ester  Hydrochloride. — This  was  prepared  in 
the  same  manner  as  the  above,  using  n-butyl  in  place  of  ethyl 
alcohol.     The  product  crystallized  from  the  mixture  in  flat  needles. 
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Recrystallized  from  ethyl  alcohol,  they  melted  at  138°  and  de- 
composed at  about  150°,  leaving  a  solid  residue  of  creatinine  hy- 
drochloride. The  yield  was  11.0  gm.  Like  the  two  preceding 
derivatives,  this  ester  salt  is  very  s^uble  in  water,  moderately 
soluble  in  alcohol,  insoluble  in  ether,  and  forms  a  difficultly  soluble 
picrate. 

Analysis. 

CtHi7N,Oi-HCl.    Calculated.    N  18.79,  CI  15.08. 

Found.  "  19.39,  19.32;  "  15.95,  16.30. 

Isopropyl  alcohol  failed  to  react  with  creatine  under  the  condi- 
tions of  the  above  experiments.  This  is  not  surprising  in  view  of 
the  greater  rate  of  esterification  of  primary  as  compared  with 
secondary  alcohols. 


A  COLORIMETER  FOR  BICOLORIMETRIC  WORK.* 

By  VICTOR  C.  MYERS. 

(From  the  Department  of  Biochemistry,  New  York  PoeUGraduate  Medical 

School  and  Hospital,  New  York.) 

(Received  for  publication,  October  11,  1922.) 

» 

There  are  many  purposes  for  which  a  colorimeter  employing  a 
single  color  standard  is  inadequate.  One  of  the  best  illustrations 
is  the  colorimetric  determination  of  the  hydrogen  ion  concentra- 
tion. As  ordinarily  carried  out  this  determination  is  cumber- 
some and  rather  crude,  since  it  has  been  necessary  to  employ  a 
series  of  tubes  with  graduated  pH  valves  as  standards,  owing  to 
the  fact  that  here  one  is  dealing  with  combinations  of  two  colors 
instead  of  a  single  color. 

It  has  been  pointed  out1  that  with  the  use  of  two  wedges  in  a 
modified  Hellige  colorimeter,  it  is  possible  to  match  all  the  shadefe 
of  color  in  a  given  indicator  from  the  acid  to  the  alkaline  side, 
^when  one  wedge  is  filled  with  an  acid  solution  of  the  dye  and  the 
other  with  an  alkaline  solution,  thus  reducing  the  number  of 
standards  employed  with  a  single  indicator  to  two.  These  may 
\>e  made  with  buffer  solutions  of  a  definite  pH,  or  of  solutions 
of  the  indicator  made  sufficiently  acid  or  alkaline  to  produce  a 
complete  change  in  the  color  of  the  indicator.  Where  it  is  de- 
sired to  read  very  small  differences  in  pH  over  a  limited  range  the 
two  standards  can  best  be  made  of  a  definite  pH  just  outside  of 
the  range  to  be  covered. 

Barnett  and  Barnett*  and  Gillespie8  have  employed  similar 
principles  in  the  colorimetric  measurement  of  the  hydrogen  ion 

*  A  preliminary  report  of  this  work  was  made  to  the  American  Society 
of  Biological  Chemists  at  the  New  Haven  meeting,  December,  1921  (Myers, 
V.  C,  J.Biol.  Chem.,  1922,  1,  p.  xxii). 

1  Myers,  V.  C,  Proc.  Soc.  Exp.  Biol,  and  Med.,  1921-22,  xix,  78. 

1  Barnett,  G.  D.,  and  Barnett,  C.  W.,  Proc.  Soc.  Exp.  Biol,  and  Med., 
1920-21,  xviii,  127. 

1  Gillespie,  L.  J.,  J.  Bact.t  1921,  vi,  399. 
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concentration.  The  former  authors  employ  a  low,  narrow,  rectan- 
gular glass  box  having  a  diagonal  glass  partition,  one  side  being 
used  for  the  acid  and  the  other  for  the  alkaline  solution  of  the 
indicator,  while  the  latter  achieves  the  same  result  by  having  a 
small  movable  cup  fitted  over  the  plunger  but  inside  the  cup  of  a 
Duboscq  type  colorimeter. 

It  is  believed  that  the  use  of  wedges  which  are  individually 
movable  provides  a  much  more  flexible  system.  The  reading 
of  the  wedge  containing  the  dominant  color  of  the  dye,  e.g.  the 
red  in  phenol  red,  characterizes  the  hydrogen  ion  concentration, 
the  yellow  wedge  being  employed  simply  to  obtain  a  correct 
color  match.  This  being  the  case  it  may  also  be  employed  to 
correct  for  any  slight  error  due  to  extraneous  yellow  pigment  in 
the  unknown. 

Modified  Hellige  Colorimeter. 

In  our  first  attempt  to  utilize  the  above  principle  the  Auten- 
rieth-Konigsberger  colorimeter  of  Hellige  was  modified  so  as  to 
provide  for  a  second  wedge4  and  a  magnifying  eyepiece.  This 
instrument  is  illustrated  in  Fig.  1.  It  will  be  noted  that  space 
has  been  so  economized  as  to  take  care  of  the  two  wedges  in  the 
box  of  a  standard  Hellige  colorimeter.  The  two  adjustment 
screws  are  placed  on  either  side  of  the  instrument  to  permit  the 
use  of  both  hands  in  matching  the  colors.  With  pure  solutions 
this  instrument  works  excellently.  For  the  highest  degree  of 
accuracy,  however,  it  seemed  desirable  that  a  metal  construction 
should  be  employed. 

New  Wedge  Colorimeter. 

A  new  wedge  colorimeter,6  having  a  number  of  advantages 
over  the  instrument  illustrated  in  Fig.  1,  is  shown  in  Figs.  2  and  3. 

4  Sometime  after  our  instruments  had  been  constructed  our  attention 
was  called  to  a  colorimeter  described  by  Hellige  and  Co.  which  contained 
several  wedges.  The  design  of  this  instrument  is  similar  to  that  of  their 
single  wedge  colorimeter,  except  that  the  box  is  much  deeper  to  allow  for 
the  extra  wedges.  The  uses  which  were  suggested  for  this  instrument 
are  quite  different,  however,  from  those  mentioned  in  the  present  paper, 
the  extra  wedges  being  employed  chiefly  to  absorb  interfering  colors. 

*  These  instruments  were  constructed  by  E.  Leitz,  Inc.,  60  East  10th 
Street,  New  York  City,  who  are  arranging  to  manufacture  them.  The 
author  wishes  to  express  his  appreciation  of  their  helpful  cooperation  in 
the  development  of  the  instruments. 
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Briefly  this  instrument  comprises  a  brass  box  with  heavy  metal 
base.  It  is  30  cm.  in  height,  and  contains  a  rack  and  pinion 
arrangement  for  three  wedges,  the  movement  of  the  wedges  being 
entirely  within  the  closed  box.  Readings  are  taken  from  100  mm. 
(adjustable)  scales  which  emerge  from  the  top  of  the  instrument 


as  the  wedges  are  raised.  The  instrument  is  provided  with  an 
eyepiece  containing  magnifying  lens.  The  Helmholtz  prisms 
used  in  the  Hcllige  instrument  have  been  replaced  with  the  type 
of  prisms  employed  in  instruments  made  on  the  Duboseq  pattern. 
With  these  prisms  the  light  passes  more  nearly  through  the  center 


678 


Colorimeter  for  Bicolorimetric  Work 


of  the  wedges  and  cup,  furnishing  a  better  field  for  comparison. 
A  milk-glass  plate  in  back  allows  for  the  entrance  of  light.  If  de- 
sired, a  small  lamp  box  may  be  substituted  for  this.  The  lamp 
box  as  now  constructed  uses  only  reflected  light,  which  ; 


through  a  thick  day  lite  glass.  The  small  nitrogen  bulb  is  set 
below  the  field  of  vision,  the  reflecting  surface  being  covered  with 
aluminum  paint.  The  light  obtained  from  the  present  lamp 
compares  favorably  with  daylight  in  quality,  although  somewhat 
greater  in  intensity.     A  door  at  the  side  of  the  instrument  gives 
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access  to  the  wedges  and  to  the  cup  for  the  unknown  which  is 
mounted  on  it  (see  Fig.  3).  Two  wedges  provide  for  bicolorimetric 
work  as  in  the  pH  determination.  However,  to  obtain  a  perfect 
match   with   unknown   solutions   which   are   slightly    turbid   or 


colored  a  third  wedge  may  be  used.  To  secure  an  even  field  it 
is  sometimes  necessary  to  counterbalance  the  greater  thickness  of 
glass  on  the  wedge  side  of  the  field.  Provision  has  been  made 
for  this  by  attaching  to  the  rack  carrying  the  cup  for  the  unknown 
a  clip,  which  will  hold  one  or  more  glass  plates. 
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Wedges  made  according  to  the  Hellige  design  are  constructed 
with  such  an  angle  that,  when  a  single  wedge  is  used,  the  100  mm. 
scale  should  read  the  strength  of  the  unknown  in  per  cent;  i.e., 
with  a  reading  of  37  mm.  the  unknown  should  be  37  per  cent  the 
strength  of  the  standard.  Practically  it  is  very  difficult  to  manu- 
facture wedges  which  are  exactly  correct,  and  it  is  best  simply  to 
calibrate  each  wedge.  However,  both  the  wedges  and  cup  are 
provided  with  adjustments,  the  cup  adjustment  having  a  vernier 
scale.  When  the  angle  of  the  wedge  is  such  as  to  require  only 
slight  correction,  these  two  adjustments  will  permit  sufficient 
correction  to  secure  accurate  percentage  readings. 

Accuracy  of  Reading  with  the  Instrument. 

The  chart  shown  in  Fig.  4  is  presented  to  illustrate  the  reading 
accuracy  of  the  instrument.  Standards  were  prepared  to  cover 
the  same  range  as  that  employed  by  Cullen6  in  his  colorimetric 
pH  determination  in  blood.  The  standard  solutions  for  the  two 
wedges  were  made  with  pH  values  of  about  8.0  and  6.8.  For 
the  alkaline  wedge  1.1  cc.  of  m/15  primary  and  18.9  cc.  of  m/15 
secondary  phosphate  (Merck's  special  reagent)  were  employed, 
while  for  the  acid  wedge  10.2  cc.  of  primary  and  9.8  cc.  of  sec- 
ondary phosphate  were  used.  2  cc.  of  0.02  per  cent  phenol  red 
were  added  to  both  solutions.  For  the  calibration  of  the  wedges, 
nine  different  standards  were  employed  covering  the  pH  range 
from  7.0  to  7.8,  the  standards  differing  by  0.1  pH.  5  cc.  portions 
were  prepared  in  Pyrex  test-tubes  from  the  m/15  phosphates,  and 
0.5  cc.  of  the  phenol  red  solution  was  added  to  each.  It  will  be 
noted  that  none  of  the  readings  fall  more  than  one  place  away 
from  the  curve  plotted,  the  value  of  one  place  on  the  scale  being 
0.012  pH.  It  is  believed  that  under  favorable  conditions  the 
reading  accuracy  of  the  instrument  for  the  above  range  of  pH 
should  be  well  within  ±  0.02. 

Uses  of  the  Instrument. 

It  is  believed  that  this  instrument  will  be  found  well  suited  to 
the  colorimetric  determination  of  the  hydrogen  ion  concentration 
in  various  biological  fluids  such  as  urine,  gastric  contents,  blood, 

6  Cullen,  G.  E.,  J.  Biol.  Chern.,  1922,  Hi,  501. 
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bacteriological  culture  media,  etc.  The  instrument  also  serves 
excellently  for  the  Marriott  alveolar  carbon  dioxide  test.  It  is  a 
matter  of  common  observation  that  in  the  phenolsulf onephthalein 
renal  function  test  it  is  rarely  possible  to  obtain  an  exact  color 
match,  probably  because  certain  salts  present  in  the  urine  prevent 
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Fig.  4.    Readings  made  with  wedge  containing  dominant  color  (alkaline, 
pH  8.0,  phenol  red  solution). 

a  complete  change  in  the  color  of  the  indicator  on  the  addition 
of  alkali.  By  using  an  acid  (yellow)  'phthalein  standard  in 
conjunction  with  the  regular  alkaline  'phthalein  standard  it  is 
always  possible  to  obtain  an  exact  color  match.  If  desired, 
correction  may  be  made  for  the  rather  small  error  introduced  by 
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the  "off"  color.  For  the  Marriott  alveolar  carbon  dioxide  test 
and  the  Rowntree-Geraghty  'phthalein  test,  the  instrument 
illustrated  in  Fig.  1  is  adequate,  but  for  the  more  exact  bicolori- 
metric hydrogen  ion  concentration  work  the  new  instrument 
(Figs.  2  and  3)  is  to  be  preferred. 

SUMMARY. 

A  new  colorimeter  which  has  been  designed  chiefly  for  such 
bicolorimetric  work  as  the  colorimetric  pH  determination  is 
described.  Standards  are  carried  in  wedges,  one,  two,  or  three 
of  which  may  be  employed  at  the  same  time.  With  one  wedge 
the  instrument  may  be  used  as  an  ordinary  colorimeter.  The 
second  wedge  provides  for  bicolorimetric  work.  To  obtain  a 
perfect  match  with  unknown  solutions  which  are  slightly  turbid 
or  colored  a  third  wedge  may  be  used. 
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(Received  for  publication,  October  13,  1922.) 

In  this  paper  we  are  presenting  a  study  of  the  relations  existing 
between  the  oxygen  and  carbon  dioxide  of  blood  and  between 
the  carbon  dioxide  and  chlorides  of  the  plasma  of  blood  drawn 
simultaneously  from  the  femoral  artery  and  vein  of  the  dog. 
Our  primary  purpose  in  undertaking  this  study  was  to  determine 
if  the  chloride  shift  occurs  in  vivo  as  well  as  in  vitro.  Douglas 
and  Haldane  (1922)  have  obtained  data  upon  the  living  subject 
which  they  interpret  as  evidence  of  the  effect  of  oxygen  unsatura- 
tion  upon  the  capacity  of  the  blood  to  bind  carbon  dioxide.  But 
this  work  dealt  with  the  blood  as  a  unit,  whereas  our  work  on  the 
chloride  shift  deals  with  it  in  sections.  It  is  obvious,  that  when 
blood  takes  up  carbon  dioxide  if  there  were  no  mechanism  whereby 
the  efficiency  of  the  poorly  buffered  plasma  could  be  increased, 
there  would  be  the  opportunity  for  large  variations  in  the  hydrogen 
ion  concentration  of  the  plasma.  We  have  previously  published 
results  of  in  vitro  work  on  the  "loaned  buffer"  (Doisy,  Eaton,  and 
Chouke,  1922),  and  our  present  studies  indicate  that  the  hemo- 
globin loans  buffer  to  the  plasma  by  means  of  the  shift  of  hydro- 
chloric acid  in  the  body,  as  well  as  in  the  test-tube. 

Although  our  chief  purpose  was  to  study  the  shift  of  chlorides, 
it  seemed  desirable  to  secure  additional  information  on  the  arterial 
to  venous  change  of  blood.  Few  papers  have  dealt  with  this  topic. 
Both  Stadie  (1919)  and  Harrop  (1919)  have  studied  arterial  and 
venous  blood  of  men,  and  recently  Peters,  Barr,  and  Rule  (1920-21) 
have  published  more  extensive  studies.  In  the  last  two  papers 
the  relation  of  carbon  dioxide  taken  up  to  oxygen  lost  has  not 
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consistently  yielded  normal  respiratory  quotients.  It  appeared 
probable  to  us  that  this  was  occasioned  chiefly  by  technical  and 
physiological  difficulties  in  obtaining  the  blood  samples.  We 
have,  therefore,  eliminated  some  of  these  difficulties  by  carrying 
out  our  experiments  on  dogs  in  which  the  blood  vessels  were 
exposed  before  attempting  to  draw  samples. 

Still  another  point  considered  was  the  distribution  of  carbon 
dioxide  taken  up  in  the  venous  blood  between  the  corpuscles  and 
plasma.  Means  and  his  collaborators  (1920-21)  found  that  only 
about  10  per  cent  of  the  added  CO2  was  carried  in  the  plasma. 
Some  of  our  earlier  in  vitro  work  did  not  agree  with  this  in  that  it 
indicated  that  added  carbon  dioxide  was  almost  equally  distributed 
between  cells  and  plasma.  Certainly,  this  arrangement  would 
fit  in  better  with  the  idea  of  a  uniform  CH  of  corpuscles  and  plasma 
or  with  an  approximately  constant  slight  difference  of  CH  (Camp- 
bell and  Poulton,  1920-21).  With  equal  volumes  of  corpuscles 
and  plasma,  it  is  necessary  for  the  bicarbonate  to  be  increased  in 
both  phases  at  nearly  the  same  rate  if  the  relation  between  the 
hydrogen  ion  concentration  of  the  cells  and  plasma  is  to  be  main- 
tained. More  specifically  the  increase  must  bear  a  relationship 
to  the  solubility  coefficients  of  CO2  in  corpuscles  (0.45)  and  in 

H,CO* 

plasma  (0.54)  if  the  ratio  ^  Tjpn  is  to  remain  constant.       Our 

data  indicate  an  approximately  equal  distribution  of  the  CO* 
taken  up  when  the  blood  becomes  venous. 

This  part  of  our  work  required  determinations  of  the  volume 
occupied  by  the  corpuscles  of  the  blood.  These  data  may  be 
utilized  to  test  the  idea  that  cells  swell  when  treated  with  an 
increased  tension  of  carbon  dioxide.  Von  Limbeck  (1894-95) 
noted  this  phenomenon  and  others  (Mukai,  1921;  Moore,  1916) 
have  studied  it  on  isolated  tissues.  In  a  previous  paper,  Doisy 
and  Eaton  (1921)  have  related  it  to  the  greater  buffer  value  of  the 
cells  and  the  indiffusibility  of  the  cell  buffers.  While  the  values 
obtained  are  not  strikingly  constant,  which  may  be  due  to  errors 
of  technique  and  uncontrolled  physiological  factors,  the  data 
indicate  a  transfer  of  water  from  plasma  to  cells  when  the  blood 
becomes  venous. 
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EXPERIMENTAL   PROCEDURE. 

In  order  to  avoid  the  effects  of  ether  (Van  Slyke,  Austin,  and 
Cullen,  1922),  local  anesthesia  with  cocaine  or  butyn  was  used. 
In  a  few  of  our  experiments  in  which  very  nervous  dogs  were  used, 
morphine  was  given  subcutaneously  about  an  hour  before  putting 
the  animal  on  the  table.  The  femoral  artery  and  vein  were 
exposed  under  the  local  anesthetic  and  needles  which  were  con- 
nected with  25  cc.  pipettes  inserted  into  the  vessels.  The  pipettes 
contained  oil  and  the  same  weight  of  potassium  oxalate.  It 
seemed  necessary  to  secure  exactly  the  same  concentration  of 
oxalate  in  both  the  venous  and  arterial  blood  to  avoid  any  shift 
of  water  between  cells  and  plasma.  In  view  of  the  nature  of  our 
experiments,  we  attempted  to  draw  the  arterial  and  venous  blood 
simultaneously  during  a  period  of  even,  regular  respiratory  move- 
ments, and  in  most  of  our  experiments  this  was  successful. 

Blood  was  transferred  under  oil  to  hematocrit  and  centrifuge 
tubes  and  centrifuged  in  stoppered  tubes  at  high  speed  to  obtain 
plasma  for  analysis  and  the  volume  of  the  corpuscles.  In  the 
meantime,  the  blood  was  analyzed  for  carbon  dioxide  and  oxygen. 
After  completion  of  the  centrifugation  the  plasma  was  analyzed 
for  carbon  dioxide  and  chlorides. 

Although  this  work  was  begun  during  the  summer  of  1921, 
the  paper  was  not  submitted  for  publication  until  the  experiments 
were  repeated  using  the  improved  methods  of  Van  Slyke  and 
Stadie  (1921)  for  the  analysis  of  carbon  dioxide  and  oxygen. 
Chlorides  were  determined  by  a  modification  of  the  Austin- 
Van  Slyke  (1920)  procedure.  Using  very  carefully  controlled 
conditions  our  duplicate  determinations  rarely  differed  by  as 
much  as  0.0004  m  and  generally  the  difference  was  no  greater  than 
0.0002  m. 

data  and  discussion. 

In  Table  I  we  have  collected  our  data  on  the  chloride  and  car- 
bon dioxide  concentrations  of  arterial  and  venous  plasma.  The 
average  difference  of  carbon  dioxide  is  0.00196m,  while  that  of  the 
chloride  is  0.00138m.  The  difference  in  these  two  values  may  be 
explained  in  several  wrays.  (1)  The  carbon  dioxide  values  are 
expressed  as  total  C02  and  not  bicarbonate.  In  a  recent  paper 
(1922)  we  have  shown  that  in  man  about  10  per  cent  of  the  car- 
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bon  dioxide  carried  by  blood  in  becoming  venous  is  due  to  physi- 
cally dissolved  COs  due  to  the  greater  tension  existing  in  the 
capillaries  than  in  the  arterial  blood.  This  uncombined  COt 
does  not  utilize  base  and  to  make  the  results  comparable  should 

TABLE  I. 

Comparison  of  the  Carbon  Dioxide  and  Chloride  Concentration  of  the  Plasma 

of  Arterial  and  Venous  Blood. 


Experiment 
No. 

Arterial 
total  COi. 

Venous 
total  COs. 

Difference, 

Column  3  — 

Column  2. 

Arterial 
NaCl. 

Venous 

NaCl. 

Difference, 

Column  6  — 

Column  6. 

M 

M 

M 

M 

M 

M 

1* 

0.0209 

0.0233 

0.0024 

0.1087 

0.1075 

0.0012 

2 

0.0230 

0.0242 

0.0012 

0.1125 

0.1120 

0.0005 

3 

0.0235 

0.0244 

0.0009 

0.1155 

0.1148 

0.0007 

4* 

0.0221 

0.0240 

0.0019 

0.1170 

0.1154 

0.0016 

5*t 

0.0254 

0.0254 

0.1136 

0.1136 

6 

0.0247 

0.0256 

0.0009 

0.1064 

0.1055 

0.0009 

7 

0.0193 

0.0219 

0.0026 

0.1153 

0.1137 

0.0016 

8 

0.0205 

0.0223 

0.0018 

0.1117 

0.1102 

0.0015 

9t 

0.0225 

0.0239 

0.0014 

0.1141 

0.1132 

0.0009 

lot 

0.0228 

0.0228 

0.1102 

0.1103 

11 

0.0220 

0.0232 

0.0012 

0.1124 

0.1112 

0.0012 

12* 

0.0218 

0.0240 

0.0022 

0.1148 

0.1132 

0.0016 

13* 

0.0218 

0.0222 

0.0004 

0.1142 

0.1132 

0.0010 

14 

0.0181 

0.0200 

0.0019 

0.1132 

0.1117 

0.0015 

15* 

0.0185 

0.0203 

0.0018 

0.1159 

0.1150 

0.0009 

16 

0.0232 

0.0242 

0.0010 

0.1102 

0.1092 

0.0010 

17* 

0.0243 

0.0269 

0.0026 

0.1133 

0.1113 

0.0020 

18* 

0.0217 

0.0267 

0.0050 

0.1111 

0.1081 

0.0030 

19* 

0.0273 

0.0310 

0.0037 

0. 1086 

0.1064 

0.0022 

20* 

0.0252 

0.0278 

0.0026 

0.1105 

0.1087 

0.0018 

21 

0.0275 

0.0294 

0.0019 

0.1057 

0.1042 

0.0015 

22 

0.0221 

0.0234 

0.0013 

0.1094 

0.1088 

0.0006 

Mean 

0.00196 

0.00138 

*  Morphine  used  to  quiet  dog. 

t  Omitted  in  obtaining  mean  results. 

be  subtracted  from  our  mean  difference  of  plasma  carbon  dioxide. 
(2)  The  "self -possessed' '  buffer  value  of  plasma  while  small 
(3  to  5  per  cent)  in  the  arterial  to  venous  change  should  likewise 
be  subtracted  from  0.00196.  Neither  of  these  subtractions  is 
possible  because  the  pH  of  the  arterial  and  venous  blood  of  our 
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logs  was  not  determined.     (3)  No  account  is  taken  of  any  con- 

:entration  effect,  due  to  an  increase  of  size  of  the  corpuscles.    We 

lave  avoided  making  this  correction  because  of  the  uncertainties 

nvolved,  chief  of  which  is  the  effect  of  the  cells  of  the  muscle 

issue  in  the  equilibrium.     In  another  series   of  experiments  we 

lave  found  that  stimulation  of  the  sciatic  nerve  between  the  tak- 

ng  of  the  arterial  and  venous  blood  causes  a  huge  loss  of  water 

rom  the  plasma  of  the  latter.     This,  however,  does  not  detract 

rom  the  main  point,  namely  the  demonstration  that  the  chloride 

shift  occurs  in  vivo. 

The  relation  between  the   plasma  chlorides  of  arterial  and 

renous  blood  is  a  bit  more  complicated  than  in  the  in  vitro  experi- 

nents  in  which  the  hemoglobin  is  kept  at  the  same  degree  of 

>xygen  saturation.     In  the  former  case  there  is  an  increased 

apacity  of  the  blood  to  bind  carbon  dioxide  without  change  of 

>H  (Henderson,  1921 J  which  may  be  expressed  by  saying  that 

BHbO, 
>r  any  pH  the  numerical  value  of  the  ratio  t^tttz  is   greater 

JLirlbU2 

DtTk 

ban  that  of  the  ratio  ^7777"     This  increment  of  carbon  dioxide, 

xlxlb 

he  base  for  which  is  provided  by  a  reduction  of  oxyhemoglobin, 
5  distributed  between  cells  and  plasma.  In  addition  there  is  a 
ertain  quota  due  to  the  change  of  pH.  Both  of  these  reactions 
produce  a  migration  of  hydrochloric  acid  into  the  cells  with  a 
onsequent  increase  of  the  bicarbonate  of  the  plasma.  This 
amp  sum  plus  the  physically  dissolved  carbon  dioxide  increase 
s  what  we  have  measured  in  our  experiments. 

In  all  our  experiments  with  the  exception  of  Nos.  5  and  10  we 
lave  found  a  migration  of  hydrochloric  acid.  The  results  of 
,hese  two  experiments  can  probably  be  explained  by  our  failure 
/O  obtain  the  blood  simultaneously  and  an  alteration  of  the  res- 
piration between  the  arterial  and  venous  puncture.  We  have 
>mitted  No.  9  from  our  consideration,  even  though  it  apparently 
shows  a  chloride  migration,  for  the  same  reasons.  Our  con- 
clusion, then,  is  that  the  migration  of  hydrochloric  acid  which  had 
previously  been  studied  in  the  test-tube  actually  occurs  in  the 
Dody  under  normal  physiological  conditions. 
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Our  results  on  blood  respiratory  quotients  which  are  given  in 
Table  II  show  that  out  of  seventeen  experiments  eight  values  fall 
between  0.70  and  1.00.  Of  the  remaining  nine  only  three  lie  outside 
of  the  limits  0.67  to  1.05,  values  which  have  frequently  been  ob- 
served in  studying  the  gaseous  exchange  of  man.  Two  of  the 
other  three  results  are  low,  while  the  third  is  very  low,  and  may  be 
explained  by  the  failure  of  our  technique  which  has  already  been 

TABLE  II. 

The  Loss  of  Oxygen  and  the  Increase  of  Carbon  Dioxide  when  Blood  Changes 

from  Arterial  to  Venous  Condition. 


Experiment  No. 

Arterial 
total  COs. 

Venous 
total  COs. 

Difference, 

Column  3 

—  Column 

2. 

Arterial 
total  Os. 

Venous 
total  Os. 

Difference, 

Columns 

—  Column 

6. 

Blood 
respiiatorj 
quotient, 
Column  4 

Column  7 

vol.  per  cent 

vol.  per  cent 

vol.percent 

vol.  percent 

vol.percent 

m 

vol.percent 

1 

39.2 

43.2 

4.0 

20.3 

14.4 

5.9 

0.67 

2 

41.4 

43.6 

2.2 

21.1 

19.0 

2.1 

1.05 

3 

43.9 

46.8 

2.9 

16.5 

12.8 

3.7 

0.78 

4 

40.1 

44.8 

4.7 

23.7 

19.2 

4.5 

1.05 

5 

47.8 

48.1 

0.3 

15.0 

11.8 

3.2 

0.10 

6 

43.9 

46.7 

2.8 

23.5 

19.7 

3.8 

0.74 

7 

33.8 

39.2 

5.4 

27.2 

19.3 

7,9 

0.68 

11 

40.8 

44.9 

4.1 

18.0 

12.1 

5.9 

0.70 

12 

39.7 

44.4 

4.7 

22.1 

15.1 

7.0 

0.67 

14 

32.4 

35.5 

3.1 

22.5 

17.9 

4.6 

0.67 

15 

33.4 

37.1 

3.7 

22.3 

17.8 

4.5 

0.82 

16 

40.0 

42.6 

2.6 

25.5 

22.8 

2.7 

0.97 

17 

44.1 

53.2 

9.1 

22.1 

10.1 

12.0 

0.76 

18 

39.6 

50.6 

11.0 

20.6 

2.5 

18.1 

0.61 

20 

44.9 

50.1 

5.2 

21.6 

14.3 

7.3 

0.71 

21 

47.9 

51.6 

3.7 

22.3 

15.9 

6.4 

0.58 

22 

38.4 

41.2 

2.8 

18.6 

15.6 

3.0 

0.93 

referred  to.  This  result  has  been  included  in  our  table  merely  to 
indicate  the  degree  that  extraneous  influences  may  affect  the 
relations  of  arterial  and  venous  blood. 

Table  III  indicates  the  distribution  of  carbon  dioxide  between 
cells  and  plasma.  Of  the  amount  taken  up  in  the  passage  through 
the  capillaries  52  per  cent  was  found  in  the  cells.  The  variations 
(37  to  75  per  cent)  of  the  individual  experiments  are  not  greater 
than  should  be  expected  when  one  considers  the  various  deter- 
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inations  involved  in  which  the  difference  involved  in  any  set  is 
rely  more  than  3  or  4  volumes  per  cent.  In  Experiment  18  in 
hich  the  difference  between  the  arterial  and  venous  blood  was 
»ry  large  46  per  cent  of  the  total  COs  taken  up  was  held  in  the 
Us.  This  value  agrees  fairly  well  with  some  of  our  in  vitro 
periments  (unpublished  data). 

table  m. 

ie  Amount  of  Carbon  Dioxide  Carried  in  the  Corpuscles  and  Plasma. of 

Venous  Blood.* 


periment  No. 

Arterial 
plasma. 

Venous 
plasma. 

Difference, 
Column  3 
—  Column 

Arterial 
corpuscles. 

Venous 
corpuscles. 

Difference, 
Columns 
—  Column 

co« 

carried  by 

oorpuscles. 

Percent 

2. 

6. 

of  total. 

ee.COt 

ee.COt 

ee.COt 

ee.COt 

ee.COt 

ee.COt 

1 

23.7 

26.2 

2.5 

15.5 

17.0 

1.5 

37.5 

2 

27.7 

28.8 

1.1 

13.7 

14.8 

1.1 

50.0 

3 

32.6 

33.7 

1.1 

11.3 

13.1 

1.8 

62.1 

4 

28.3 

30.7 

2.4 

11.8 

14.1 

2.3 

48.9 

6 

27.5 

28.9 

1.4 

16.4 

17.8 

1.4 

50.0 

7 

18.1 

21.3 

3.2 

15.7 

17.9 

2.2 

40.8 

11 

28.1 

30.2 

2.1 

12.7 

14.7 

2.0 

48.8 

12 

24.3 

26.9 

2.6 

15.4 

17.5 

2.1 

44.7 

14 

19.4 

20.9 

1.5 

13.0 

14.6 

1.6 

51.6 

15 

20.2 

21.1 

0.9 

13.2 

16.0 

2.8 

75.7 

16 

23.6 

24.5 

0.9 

16.4 

18.1 

1.7 

65.4 

17 

29.5 

32.3 

2.8 

15.0 

17.1 

2.1 

42.9 

18 

25.3 

31.2 

5.9 

14.3 

19.4 

5.1 

46.2 

20 

25.2 

27.4 

2.2 

19.7 

22.7 

3.0 

57.9 

21 

30.1 

31.9 

1.8 

17.8 

19.7 

1.9 

51.4 

22 

27.7 

28.7 

1.0 

10.7 

12.5 

1.8 

64.3 

Mean 

52.4 

*In  100  cc.  of  blood. 

Our  mean  value  of  52  per  cent  is  very  much  smaller  than  that 
iven  by  Smith,  Means,  and  Woodwell  (1920-21).  It  might  be 
rgued  that  this  is  due  to  their  use  of  men  and  our  use  of  dogs,  but 
e  do  not  believe  this  to  be  true.  Our  in  vitro  experiments  on 
uman  blood  indicate  that  about  45  per  cent  of  the  carbon  dioxide 
dded  by  increases  of  carbon  dioxide  tension  is  taken  up  by  the 
>lls.  However,  we  do  agree  with  their  conclusion  that  the  cells 
re  mainly  responsible  for  the  transport  of  carbon  dioxide  (Doisy, 
iriggs,  Eaton,  and  Chambers,  1922). 
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Our  data  dealing  with  the  increase  in  volume  occupied  by  ^tAfc 
corpuscles  when  the  blood  becomes  venous  are  given  in  Table  X^V. 
These  data  are  not  entirely  concordant,  but  in  general  show  tfc*ai 
the  corpuscles  of  the  venous  blood  occupy  a  larger  volume  thavmn 
those  of  the  arterial  blood.  Some  physiological  factors  which 
may  vitiate  the  accuracy  of  these  determinations  have  already 
been  mentioned. 

TABLE  IV. 

The  Volume  Occupied  by  the  Corpuscles  in  the  Arterial  and  Venous  Sta£ 


Experiment  No. 

Arterial  blood, 
pei  cent  plasma. 

Venous  blood, 
per  cent  plasma. 

Decrease,  per  ceEa'fc 
venous  plasma. 

1 

50.5 

50.1 

0.4 

2 

53.7 

53.1 

0.6 

3 

61.9- 

61.8 

0.1 

5 

61.8 

61.1 

0.7 

6 

49.8 

50.3 

-0.5 

7 

41.7 

43.3 

-1.6 

9 

49.8 

48.7 

1.1 

10 

55.1 

55.5 

-0.4 

11 

57.1 

58.2 

-1.1 

12 

50.1 

50.0 

0.1 

14 

47.9 

46.9 

1.0 

15 

48.7 

46.5 

2.2 

16 

45.5 

45.1 

0.4 

17 

54.3 

53.5 

0.8 

18 

52.1 

52.0 

0.1 

19 

59.9 

58.2 

1.7 

20 

44.7 

44.1 

0.6 

21 

48.9 

48.5 

0.4 

22 

55.7 

54.7 

1.0 

Mean 

+0.35 

|       v  •   -sr+r 

We  consider  that  the  explanation  of  this  phenomenon  must  t^ 
sought  in  part,  at  least,  in  the  alterations  of  osmotic  pressure 
It  seems  probable  to  us  that  as  base  is  taken  from  the  buffers  t^ 
bind  carbon  dioxide  more  ions  are  produced  in  the  solution.  Tha^ 
increase  occurs  more  rapidly  in  the  cells  due  to  their  greater 
buffer  value,  and  consequently  water  is  withdrawn  from  th-— 
plasma  to  maintain  the  already  existing  relations.  This  stat^ 
ment  should  not  be  construed  to  mean  that  we  consider  the  osmotET 
pressure  of  the  cells  to  equal  that  of  the  plasma,  for  there  is  sorav- 
evidence  to  the  contrary. 
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SUMMARY. 

It  appears  that  a  perfectly  executed  experiment  on  arterial  and 
venous  blood  should  show  the  following  points:  (1)  Migration  of 
chlorides  into  the  cells;  (2)  normal  blood  respiratory  quotient; 
(3)  approximately  equal  distribution  of  the  added  CO2  between 
cells  and  plasma;  and  (4)  larger  volume  occupied  by  the  cor- 
puscles of  venous  blood. 

Consideration  of  our  seventeen  complete  experiments  in  the 
-tables  shows  that  Experiments  3,  15,  17,  20,  and  22  fulfill  these 
conditions.     It  may  be  noted  that  in  our  later  work  which  had  the 
benefit  of  the  practice  of  the  earlier  experiments  the  number  of 
successful  experiments  is  much  larger.     If  it  is  permissible  to 
extend  the  limits  of  normal  respiratory  quotients  to  from  0.67  to 
1.05,  then  we  have  four  more  experiments  which  may  be  classed 
as  satisfactory.     A  positive  result  in  twenty  out  of  twenty-two 
experiments  supports  the  occurrence  •  of  a  migration  of  hydro- 
chloric acid  in  the  blood  in  the  body. 
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THE  NON-PROTEIN  ORGANIC  CONSTITUENTS  IN  THE 

BLOOD  OF  MARINE  FISH.* 

By  W.  DENIS. 

{JFrom  the  Laboratory  of  Physiological  Chemistry  of  the  School  of  Medicine, 

Tulane  University,  New  Orleans.) 

(Received  for  publication,  October  9,  1922.)  » 

Nine  years  ago  I  published  (1)  analyses  of  the  blood  of  several 
species  of  fish  occurring  on  the  north  Atlantic  coast.  Since  this 
"time  great  advances  have  been  made  in  the  accuracy  of  the  tech- 
nique of  blood  analysis;  a  field  still  young,  but  which  in  1912,  the 
time  at  which  my  first  work  was  attempted,  was  in  its  infancy. 
With  the  numerous  improvements  in  technique  which  have  come 
with  the  passing  years  our  ideas  as  to  what  constitutes  "normal" 
values  for  the  non-protein  constituents  of  human  blood  have  under- 
gone radical  change,  and,  such  being  the  case  it  has  seemed  worth 
while  to  repeat  some  of  my  former  observations  on  the  blood  of 
marine  fish,  as  it  would  appear  probable  that  at  least  a  portion  of 
the  figures  obtained  by  the  relatively  crude  methods  available  at 
that  time  are  in  need  of  revision. 

The  analytical  methods  used  were  as  follows:  Non-protein 
nitrogen,  urea,  creatinine,  and  glucose  by  the  Folin-Wu  (2)  pro- 
cedures; amino  nitrogen  by  Folin's  method  (3);  and  uric  acid  by 
the  direct  method  of  Benedict  (4). 

All  animals  used  were  bled  as  soon  &s  brought  in  from  the  traps; 
blood  was  secured  by  cutting  off  the  tail  and  collecting  from  the 
caudal  vessels,  without  the  use  of  an  anticoagulant.  The  results 
obtained  on  the  blood  of  seven  species  of  fish  are  presented  in 
Table  I. 

In  comparing  the  analytical  figures  collected  in  Table  I  with  my 
own  earlier  work  on  the  blood  of  marine  fish  and  the  values  pub- 
lished by  Wilson  and  Adolph  (5)  on  fresh  water  fish,  which  in- 
vestigations constitute  the  only  chemical  studies  of  fish  blood  in 

*  This  work  was  carried  on  during  the  Summer  of  1922  in  the  Marine 
Biological  Laboratory  at  Woods  Hole. 
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which  modern  methods  have  been  employed,  it  will  be  noted  that 
the  figures  for  non-protein  nitrogen  and  urea  are  along  the  same 
general  level  as  are  the  results  previously  published.  The  non- 
protein nitrogen  in  the  blood  of  elasmobranch  fish  in  both  series 
of  results  lies  in  the  neighborhood  of  1,000  mg.  per  100  cc.  of  blood, 
and  the  urea  nitrogen  at  about  800  mg. 

In  the  case  of  the  teleost  fish  my  former  observations  showed 

results  varying  from  40  to  90  mg.  of  non-protein  nitrogen  per  100 

cc.  of  blood  {average  about  65  mg.),  whereas  in  the  present  series 

TABLE  i. 

Non-Protein  Constituents  in  the  Blood  of  Fish. 


Par 

bloo< 

I 
1 

SB 
| 

si 

1 
J 

28 

31 

;;> 
28 
Jii.i; 
38 
21 

1 

6.6 

6.0 
7.6 
1.1 
1.1 
1.3 
1.5 

| 

| 

K 

to 

i 

1 

1,000 

1,000 
1,010 
66 
60 
63 
73 

80S 

Sfifl 
800 

9 

7.8 
10 

8.0 

25 

27 

36 
6.0 
6.2 
6.6 
6.0 

1.0 

1.3 
1.1 
4.0 
4.4 
4.2 
4.3 

1.6 

1.7 

1.3 

Dusky  shark  {Cornharinus  obacu- 

Sand  shark  (Carcharias  littoralix) . . 
Sculpin   (Hfyoxoccphalus  aenems),. 

Meuharten  (Brevoortia   tyrannus) . . 

90 

the  results  vary  from  56  to  73  mg.  The  values  obtained  for  urea 
nitrogen  in  teleost  blood  varied  in  my  earlier  observations  from 
8  to  20  mg.,  and  in  the  present  series  from  7.8  to  10. 

The  values  reported  by  Wilson  and  Adolph  for  the  fresh  water 
teleost  arc  distinctly  lower  than  the  above;  i.e.,  non-protein  nitrogen 
29  to  59,  and  urea  nitrogen  from  1.1  to  16.0  mg. 

Striking  differences  are  found  in  the  creatinine  and  creatine 
content  of  the  elasmobranch  and  teleost  bloods,  the  high  creatinine 
and  creatine  content  of  the  former  (creatinine  6.0  to  7.6,  and  crea- 
tine 25  to  36  mg.)  being  in  marked  contrast  to  the  values  obtained 
for  the  latter  type  (creatinine  1.1  and  1.3,  and  creatine  6.0  to  6.6 
mg.),  values  which  closely  resemble  those  found  in  human  blood. 
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A  practical  reversal  of  this  condition  is  to  be  noted  in  the  occur- 
rence of  uric  acid  in  the  blood  of  the  two  classes,  in  the  elasmo- 
branches  about  1  mg.  and  in  the  teleosts  about  4  mg.  In  my 
first  publication  the  statement  was  made  that  elasmobranch  blood 
is  free  from  uric  acid  while  the  quantity  found  in  teleost  blood 
amounted  to  only  1.0  to  1.5  mg.,  results  which  were  doubtless  due 
to  the  crude  analytical  technique  available  at  that  time. 

The  level  of  amino  nitrogen  was  found  to  be  about  the  same  in 
the  blood  of  both  elasmobranches  and  teleosts  varying  from  21.0 
to  31  mg.  In  my  earlier  work  no  determinations  of  amino  nitrogen 
■were  made,  but  in  the  blood  of  fresh  water  fish  Wilson  and  Adolph 
have  reported  figures  varying  from  17  to  34  mg. 

The  figures  of  ammonia  and  blood  sugar  require  special  comment. 
In  my  earlier  paper  on  fish  blood  I  reported  a  content  of  ammonia 
nitrogen  of  from  1.0  to  5.5  mg.  per  100  cc.  of  blood;  Wilson  and 
Adolph  found  0.9  to  1.8  mg.  in  fresh  water  fish.  These  results 
were  obtained  by  the  aeration  method.  Of  late  years  additional 
work  on  the  ammonia  method  has  brought  to  light  many  formerly 
unsuspected  sources  of  error  (6).  In  view  of  the  large  amount 
of  ammonia  apparently  present  in  fish  blood  I  have  used  a  method 
of  procedure  which  I  tried  out  some  years  ago  on  human  blood  but 
which  was  abandoned  because  it  was  found  inadequate  to  cope 
with  the  extremely  small  amount  of  ammonia  present  in  this 
fluid.  The  general  principle  consists  of  the  precipitation  of  the 
proteins  of  blood  with  m-phosphoric  acid  (7)  and  the  extraction  of 
the  ammonia  from  the  filtrate  so  obtained  by  means  of  permutit. 

The  details  of  my  procedure  are  as  follows:  The  blood  was  col- 
lected without  the  addition  of  any  anticoagulant;  to  this  were 
immediately  added  1|  volumes  of  distilled  water  and  \  volume  of 
a  20  per  cent  freshly  prepared  solution  of  m-phosphoric  acid.  A 
rubber  stopper  was  then  inserted  and  the  flask  shaken  vigorously 
and  continuously  for  10  minutes  to  induce  rapid  precipitation. 
The  mixture  was  then  poured  on  a  dry  filter  and  an  aliquot  of 
this  filtrate  (usually  15  cc.)  was  shaken  for  5  minutes  with  2  gm. 
of  permutit,  which  just  before  use  had  been  freed  from  traces  of 
ammonia  by  treatment  successively  with  alkali,  acid,  and  dis- 
tilled water  (8).  The  supernatant  liquid  was  then  poured  off,  the 
permutit  washed  twice  with  distilled  water,  thus  treated  with  10  cc. 
of  0.5  per  cent  sodium  hydroxide  after  standing  for  5  minutes  with 
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more  distilled  water  and  3  cc.  of  Nessler's  solution,  was  finally 
made  up  to  a  volume  of  50  cc,  and  compared  in  the  colorimeter 
with  a  suitable  standard.  The  standard  solution  found  most  con- 
venient consisted  of  ammonium  sulfate  solution  equivalent  to 
0.1  mg.  of  nitrogen,  20  cc.  of  0.5  per  cent  sodium  hydroxide,  and 
6  cc.  of  Nessler's  solution,  and  the  whole  was  finally  made  up 
with  distilled  water  to  a  volume  of  100  cc.  I  have  confined  the  use 
of  the  above  method  to  observations  on  the  blood  of  three  species, 
shark,  dogfish,  and  menhaden,  as  these  were  the  only  varieties  of 
which  the  supply  was  sufficiently  abundant  to  furnish  material 
for  a  reasonably  large  number  of  determinations. 

As  will  be  seen  from  Table  I  the  values  obtained  he  between 
1.7  and  1.3  mg.,  figures  much  smaller  than  those  obtained  in  my 
earlier  observations,  and  approaching  those  found  by  Wilson  and 
Adolph  for  fresh  water  fish,  but  still  greatly  in  advance  of  the 
ammonia  values  reported  for  human  blood. 

A  moderate  number  of  observations  have  been  made  regarding 
the  reducing  bodies  in  fish  blood,  ordinarily  classed  under  the  term 
"  blood  sugar. "  As  discussions  concerning  the  earlier  work  on  this 
subject  are  to  be  found  in  the  recent  papers  of  Lang  and  Macleod 
(9)  and  of  Scott  (10)  further  comment  te  superfluous. 

As  a  considerable  diversity  of  opinion  exists  among  investigators 
regarding  the  influence  of  asphyxia  on  the  blood  sugar  in  fish  the 
following  experiment  was  tried  with  the  dogfish.  The  animals 
were  obtained  as  soon  as  they  were  brought  in  from  the  traps  and 
were  placed  in  the  laboratory  in  a  large  tank  of  running  sea  water. 
After  being  allowed  to  remain  over  night  in  this  tank,  during  which 
time  they  had  apparently  recovered  from  the  handling  incident 
to  capture,  the  fish  were  removed  quickly,  the  tail  was  severed 
as  promptly  as  possible  and  a  small  amount  of  blood  (2  cc.)  was 
collected.  The  blood  which  continued  to  drip  from  the  severed 
vessels  was  received  in  2  cc.  fractions,  the  time  of  collection  being 
noted,  and  sugar  was  determined  separately  in  each  fraction.  In 
other  experiments  the  animals  were  obtained,  as  before,  immedi- 
ately on  arrival  from  the  fish  traps,  from  whence  they  were  trans- 
ported in  a  live  car,  brought  to  the  laboratory,  and  placed  in  a 
large  tank  of  running  water.  At  the  end  of  20  to  30  minutes  the 
animals,  who  by  this  time  were  somewhat,  but  apparently  not 
entirely,  recovered  were  rapidly  removed  from  the  tank,  and 
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samples  of  blood  taken  at  intervals  as  before.  I  have  repeated 
this  experiment  many  times  with  a  number  of  different  animals, 
but  as  the  results  were  invariably  uniform  I  present  here  the  data 
of  only  two  experiments,  one  on  an  animal  in  good  condition,  and 
one  on  a  dogfish  who  had  not  entirely  recovered  from  the  rough 
handling  and  asphyxia  incident  to  his  capture. 

From  the  results  given  in  Table  II  it  would  seem  that  in  an 
animal  who  had  not  been  subjected  to  a  preliminary  period  of 
asphyxia  (by  being  carried  from  the  live  car  to  the  laboratory) 
no  change  in  the  blood  sugar  can  be  noted  during  a  period  of 
asphyxia  while  blood  was  being  taken.  If  on  the  other  hand  the 
animal  was  in  poor  condition  before  the  experiment  the  blood 

TABLE  II. 

Experiments  Showing  the  Influence  of  Asphyxia  on  Blood  Sugar  in  the  Dogfish. 


Amount  of 
blood  taken. 

Time  elapsed 

since  fish  were 

removed  from 

water. 

Blood  sugar. 

Remarks. 

.cc. 

2.2 
2.3 
2.8 
2.3 

2.3 

23.5 

2.4 

min. 

0.5 
1.5 
2.5 
3.5 

0.5 
4.5 
6.5 

mg.  per  100  cc. 

180 
142 
105 
106 

125 
125 
125 

Fish  allowed  to  stay  in  laboratory 
tank   20    minutes    after    being 
carried    from    pier.    Not    yet 
fully  recovered. 

Fish  kept  in  laboratory  tank  for 
32  hours  before  experiment.    In 
good  condition. 

sugar  tends  to  be  higher  during  the  first  1  or  2  minutes  and  sinks 
after  complete  asphyxia  and  bleeding  have  been  continued  for 
several  minutes.  The  latter  finding  is  in  accord  with  the  experi- 
ment reported  by  Scott  (10)  on  a  shark  in  poor  condition.  On  the 
whole  it  would  seem  that  prolonged  partial  asphyxia  has  a  marked 
effect  on  the  blood  sugar  of  fish,  but  that  during  the  short  period 
(2  to  4  minutes)  usually  occupied  in  desanguifying  an  animal  no 
abnormal  effects  are  to  be  noted.  The  blood  sugar  of  the  dogfish 
appears  to  be  extremely  variable,  observations  made  on  a  con- 
siderable number  of  apparently  normal  animals  have  shown  results 
varying  from  80  to  181  mg.  The  great  majority  of  these  figures 
fall  between  90  and  110  mg.,  which  is  about  the  level  for  normal 
human  blood  for  the  analvtical  method  used.    I  have  not  obtained 
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any  results  confirmatory  of  the  finding  of  Scott  that  occasionally 
dogfish  are  obtained  whose  blood  is  devoid  of  reducing  bodies,  the 
lowest  figure  in  my  series  of  results  being  80  mg.  per  100  cc.  of 
blood. 

The  high  level  of  amino  nitrogen  found  in  fish  blood  (usually 
about  28  mg.,  four  to  five  times  the  values  reported  for  human 
blood,  in  which  fluid  concentrations  of  from  5  to  7  mg.  may  be 
considered  as  normal  amounts)  has  led  mo  to  make  a  few  analyses 
of  the  amino-acid  content  of  fish  muscle  in  order  to  determine 
whether  the  same  relation  obtained  between  the  amino-acids  of 
blood  and  tissue  as  found  in  mammals. 


TABLE  III. 

Determinations  of  Amino  Nitrogen  in  the  Blood  and  Muscles  of  Fish  and 

Marine  Invertebrates. 


Name. 

* 

Amino  N  per  100  gm. 

Blood. 

M  uncle. 

Duskv  shark 

mg. 
31 

39 
30 
28 

0 

3.3 

mg. 
40 

Sand  shark 

73 

Doefish 

32 

Cunner 

32 

Limulus 

15.6 

Lobster 

40 

Muscle  from  the  flank  was  removed  immediately  after  the  with- 
drawal of  blood,  freed  from  fragments  of  skin  and  fat,  cut  into 
small  pieces,  and  10  gm.  portions  were  rapidly  weighed  out  and 
ground  for  10  minutes  with  10  gm.  of  clean  dry  sand.  To  this 
mixture  there  were  added  70  cc.  of  ice-cold  water  and  after  further 
grinding  of  the  mixture  of  muscle,  sand,  and  water  there  were 
added  10  cc.  of  10  per  cent  sodium  tungstate  and  10  cc.  of  §  n 
sulfuric  acid.  After  thorough  stirring  the  mixture  was  allowed 
to  stand  for  10  to  15  minutes  and  then  filtered.  Amino  nitrogen 
in  the  filtrate  was  then  determined  by  the  colorimetric  method  of 
Folin.    Some  of  the  results  obtained  are  given  in  Table  III. 

From  these  figures  it  is  evident  that  not  only  is  the  amino 
nitrogen  content  of  fish  blood  much  higher  than  in  mammals 
but  that  a  different  equilibrium  apparently  exists  between  blood 
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and  muscle  in  these  two  classes  of  animals.  The  amino  nitrogen 
content  of  dog  blood  and  muscle  was  found  by  Van  Slyke  and 
Meyer  (11)  to  be  in  the  neighborhood  of  6  and  50  mg.,  respectively, 
although  relatively  wide  variations  are  noted  (especially  for 
muscle)  depending  on  diet,  time  of  feeding,  etc.  In  other  words, 
the  dog  has  approximately  ten  times  more  amino-acids  in  his 
muscle  than  in  his  blood;  in  the  fish  an  entirely  different  relation 
appears  to*  obtain,  as  here  the  blood  frequently  contains  almost  as 
much  amino-acids  as  does  the  muscle. 

In  Table  III  are  also  included  a  few  determinations  on  the  blood 
and  muscle  of  two  species  of  invertebrates.  These  determinations 
were  made  because  of  the  suggestion  of  Myers  (12)  that  in  all 
probability  the  blood  of  invertebrates  contains  large  amounts  of 
amino-acids.  As  will  be  seen  the  surmise  of  Myers  was  incorrect, 
as  in  several  of  these  animals  amino-acids  appeared  to  be  practi- 
cally absent  from  the  body  fluids  whereas  considerable  quantities 
still  exist  in  the  muscle.  The  lobsters  examined  were,  however, 
an  exception  to  this  rule  in  that  they  showed  small  amounts  of 
amino  nitrogen  in  the  blood  and  larger  quantities  in  the  muscle 
than  did  the  other  invertebrates.  It  is  probable  that  this  dif- 
ference between  the  lobster  and  the  horseshoe  crab  may  in  part  at 
least  be  due  to  the  state  of  nutrition  of  the  animals,  the  lobsters 
having  been  examined  within  24  hours  after  being  taken  whereas 
the  Limuli  had  been  in  captivity  for  weeks  and  were  probably 
distinctly  undernourished. 

SUMMARY. 

Analyses  of  the  blood  of  three  species  of  elasmobranch  and  four 
species  of  teleost  fish  indicate  that  the  values  for  the  non-protein 
constituents  of  fish  blood  published  in  1913  will,  as  the  result  of 
improved  analytical  technique,  require  revision. 

The  following  may  be  said  to  represent  average  values  for 
elasmobranch  blood:  Non-protein  nitrogen  1,000;  urea  nitrogen 
800;  amino  nitrogen  28;  creatinine  6;  creatine  25;  uric  acid 
1.1  mg.  For  teleost  blood  the  following  are  average  figures:  Non- 
protein nitrogen  65;  urea  nitrogen  9;  amino  nitrogen  28;  creatinine 
1.0;  creatine  6;  uric  acid  4  mg.  The  blood  of  invertebrates  fre- 
quently contains  no  amino  nitrogen  although  considerable  amounts 
of  this  fraction  are  demonstrated  in  the  muscle. 


700  Blood  of  Marine  Fish 


BIBLIOGRAPHY. 

1.  Denis,  W.,  J.  Biol.  Chem.,  1913-14,  xvi,  389. 

2.  Folin,  O.,  and  Wu,  H.,  J.  Biol.  Chem.,  1919,  xxxviii,  81. 

3.  Folin,  O.,  J.  Biol.  Chem.,  1922,  li,  377. 

4.  Benedict,  8.  R.,  J.  Biol.  Chem.,  1922,  li,  187. 

5.  Wilson,  D.  W.,  and  Adolph,  E.  F.,  J.  Biol.  Chem.,  1917,  xxix,  405. 

6.  Folin,  O.,  The  Harvey  Lectures,  1920-21,  xv,  109.    Nash,  T.  P.,  Jr., 

and  Benedict,  S.  R.,  J.  Biol.  Chem.,  1921,  xlviii,  463. 

7.  Folin,  O.,  and  Denis,  W.,  J.  Biol.  Chem.,  1916,  xxvi,  491.    • 

8.  Folin,  O.,  and  Bell,  R.  D.,  J.  Biol.  Chem.,  1917,  xxix,  329. 

9.  Lang,  R.  S.,  and  Macleod,  J.  J.  R.,  Quart.  J.  Exp.  Physiol.,  1918-20,  xii, 

331. 

10.  Scott,  E.  L.,  Am.  J.  Physiol.,  1921,  lv,  349. 

11.  Van  Slyke,  D.  D.,  and  Meyer,  G.  M.,  J.  Biol.  Chem.,  1913-14,  xvi,  213. 

12.  Myers,  R.  G.,  J.  Biol.  Chem.,  1920,  xli,  119. 


THE  BEHAVIOR  OF  CHLORIDES  INTRODUCED  INTO  THE 
BLOOD  UNDER  NORMAL  AND  NEPHRITIC 

CONDITIONS.* 

By  FRANK  P.  UNDERHILL  and  EDWARD  T.  WAKEMAN. 

(From  the  Department  of  Pharmacology  and  Toxicology,  Yale  University, 

New  Haven.) 

(Received  for  publication,  October  15, 1922.) 

A  study  of  chlorides  in  the  body  is  becoming  more  and  more 
important  to  a  better  understanding  of  nephritis,  edema,  and 
hypertension,  and  as  a  guide  to  the  treatment  of  these  con- 
ditions. Chlorides  play  an  important  r61e  in  determining  the 
distribution  of  fluids  in  the  body.  A  retention  of  chlorides  in 
the  blood  has  been  noted  in  nephritis,  particularly  in  cases  with 
edema  (1),  and  Allen  (2)  has  endeavored  to  show  that  salt  reten- 
tion is  the  cause  of  pure  hypertension  and  also  of  hyperten- 
sion in  many  cases  of  kidney  disease.  Many  authors  consider 
chloride  retention  as  the  chief  causative  factor  in  edema.  The 
edema  develops  when  the  threshold  of  excretion  of  chlorides  is 
raised  and  the  edema  fluid  is  reabsorbed  when  this  threshold 
returns  to  normal. 

Host  (3)  studied  the  chloride  concentration  in  the  blood  of  nine 
patients  suffering  from  nephritis  with  and  without  edema  and 
found  the  chlorides  to  be  high  while  at  the  same  time  the  chloride 
output  was  incomplete.  He  believed,  therefore,  that  the  cause  of 
chloride  retention  in  these  cases  of  nephritis  was  mainly  to  be 
found  in  the  kidneys  which,  to  a  certain  extent,  bar  the  way  for 
chloride  excretion.  When  this  barrier  gave  way  more  or  less 
suddenly,  as  apparently  happened  in  two  cases  when  the  patients 
received  a  single  large  dose  of  salt,  the  retained  chlorides  and  water 
rushed  out.    With  improvement  in  these    cases    the    chloride 

*  The  data  are  taken  from  the  thesis  of  Dr.  Edward  T.  Wakeman  pre- 
sented in  candidacy  for  the  degree  of  Doctor  of  Medicine,  Yale  University, 
1922. 
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excretion  was  increased  and  the  blood  chlorides  returned  to  normal 
concentration. 

On  the  other  hand,  Achard  and  Ribot  (4)  have  observed  some 
cases  of  nephritis  in  which  there  was  a  retention  of  chlorides 
without  an  increase  in  the  concentration  of  chlorides  in  the  blood. 
This  retention  cannot  be  satisfactorily  explained  by  impaired 
kidney  function  and  it  seems  more  probable  that  the  cause  is 
extrarenal,  in  the  capillaries  or  even  in  the  tissues. 

A  considerable  amount  of  experimental  work  has  been  done  to 
study  the  changes  in  blood  concentration  in  nephritis.  Boycott 
(5)  found  that  in  normal  rabbits  the  original  volume  of  blood  was 
restored  in  a  short  and  fairly  constant  interval  after  intravenous 
injection  of  Ringer's  solution  and  that  the  activity  of  the  kidneys 
was  not  essential  to  this  regulation  of  the  blood  volume.  However, 
rabbits  rendered  nephritic  by  uranium  titrate  showed  a  partial 
failure  of  the  blood  volume  to  return  to  normal  under  the  same 
experimental  procedure.  Chisolm  (6)  found  a  similar  incomplete 
regulation  of  the  blood  volume  in  rabbits  with  nephritis  induced  by 
potassium  chromate;  and  Bogert,  Underhill,  and  Mendel  (7)  have 
shown  the  same  condition  to  be  true  in  rabbits  with  nephritis 
induced  by  sodium  tartrate.  An  alteration  of  the  permeability 
of  the  blood  vessel  walls  seems  the  only  adequate  explanation 
of  the  changed  conditions  prevailing  in  nephritic  animals.  Bogert, 
Underhill,  and  Mendel  have  concluded,  therefore,  that  the  condi- 
tion of  nephritis  effects  an  alteration  of  the  permeability  of  the 
walls  of  the  capillaries  of  the  general  circulation  in  such  a  manner 
as  to  hinder  the  passage  of  fluid  from  the  blood  to  the  tissues. 

In  this  connection  it  is  interesting  to  note  that  Smith  and  Mendel 
(8),  in  studying  the  regulation  of  blood  volume  after  the  injection 
of  solutions  of  various  sodium  salts,  found  that  with  citrate, 
tartrate,  and  sulfate  solutions  the  blood  volume  stayed  above 
normal  longer  than  with  any  other  salts.  With  chloride  solution 
the  return  to  normal  was  more  rapid,  while  with  bromide,  acetate, 
and  nitrate  the  return  to  normal  was  most  rapid.  They  suggest 
that  the  citrate,  tartrate,  and  sulfate  salts  may  have  decreased 
the  permeability  of  the  capillary  membranes  so  that  the  free 
movement  of  surplus  fluid  out  of  the  circulation  observed  with 
chloride,  for  instance,  was  interfered  with.  If  this  is  true,  is  it  not 
possible  that  the  alteration  in  permeability  of  capillary  walls  noted 
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by  Bogert,  Underhill,  and  Mendel  (7)  was  due,  not  to  the  nephritis 
but  rather  to  the  sodium  tartrate  used  to  produce  the  nephritis? 
These  studies  have  been  concerned  with  the  regulation  of  the 
blood  volume  after  injections  of  saline  solution  in  normal  and 
nephritic  rabbits  with  special  reference  to  the  fate  of  the  injected 
fluid.  In  the  following  experiments  it  is  proposed  to  study  the 
regulation  of  the  blood  volume  after  injections  of  saline  solution  in 
normal  and  nephritic  rabbits  with  special  reference  to  the  fate  of 
the  chlorides  injected. 

Methods. 

In  general,  normal  full  grown  rabbits  which  fasted  48  hours 
were  used  in  all  of  the  experiments.  Hemoglobin  was  considered 
a  true  measure  of  the  dilution  of  the  blood  as  worked  out  by  Bogert, 
Underhill,  and  Mendel  (7)  and  Smith  and  Mendel  (8)  under 
similar  experimental  conditions.  After  the  concentrations  of 
chloride  and  hemoglobin  in  the  blood  were  determined,  a  known 
quantity  of  salt  solution  was  forced  into  the  circulation  as  rapidly 
as  possible.  Immediately  after  injection  and  at  regular  intervals 
thereafter,  the  concentrations  of  chloride  and  of  hemoglobin  were 
measured  and  the  relative  blood  volumes  were  calculated  from  the 
latter  figures. 

Technique. — Sodium  chloride  solution  of  exactly  0.9  per  cent 
concentration,  warmed  to  38°C,  was  used  for  injection  of  chloride. 
This  solution  was  introduced  into  the  ear  vein  in  rabbits  under 
sufficient  pressure  so  that  80  cc.  were  injected  in  2  minutes. 
Samples  of  blood  were  taken  from  the  vessels  of  the  rabbit's  ear, 
collecting  the  blood  drop  by  drop  into  beakers  containing  a  few 
crystals  of  potassium  oxalate,  2  cc.  being  necessary  for  each 
chloride  determination.  The  blood  for  hemoglobin  determination 
was  drawn  up  into  a  20  mm.  pipette  directly  from  the  bleeding  ear 
vein  at  the  same  time  that  the  blood  was  collected  for  chloride 
determination. 

The  concentration  of  chlorides  was  determined  by  the  method  of 
Whitehorn  (9).  Hemoglobin  determinations  were  made  according 
to  the  method  of  Cohen  and  Smith  (10). 

Experimental  nephritis  was  induced  by  sodium  tartrate  accord- 
ing to  the  procedure  suggested  by  Underhill,  Wells,  and  Gold- 
schmidt  (11).    The  rabbits  were  given  no  food  for  2  days  prior  to 
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merits,  the  chloride  and  hemoglobin  concentrations  of  normal 
rabbits  were  determined  at  regular  intervals.  The  results  of  two 
such  experiments  are  given  in  Table  I. 

From  these  experiments  it  appears  that,  in  normal  fasting 
rabbits,  hemorrhage,  as  practised  in  present  experiments,  may  or 
may  not  significantly  change  the  chloride  content  of  the  blood. 
When  there  is  a  significant  dilution  of  the  blood  as  the  result  of 
hemorrhage,  the  chlorides  are  correspondingly  increased.  The 
dilution  of  the  blood  and  the  increase  in  chlorides  are  more  marked 
after  the  1st  or  2nd  hour.    As  a  rule  there  is  a  marked  general 
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parallelism  between  the  relative  blood  volume  and  the  chloride 
content  of  the  blood. 

The  Chloride  and  Hemoglobin  Concentrations  in  Normal  Rabbits 

during  Fasting. 

As  a  control  upon  the  effect  of  sodium  tartrate  in  the  production 
of  nephritis,  the  chloride  and  hemoglobin  concentrations  were 
determined  twice  a  day  on  normal  fasting  rabbits  for  a  period  of 
5  days.    The  results  of  two  such  experiments  are  given  in  Table  II. 

table  n. 

Effect  of  Fasting  upon  the  Concentrations  of  Chloride  and  Hemoglobin  in 

Ihe  Blood. 


Time.    Day  of  fasting. 

Rabbit  C. 

Rabbit  D. 

Day. 

Hour. 

Chloride 
asNaCl 

per  100  cc. 
blood. 

Hemo- 
globin. 

Relative 
blood 

volume 
in  per- 
centage of 

normal. 

Chloride 

asNaCl 

per  100  co. 

blood. 

Hemo- 
globin. 

Relative 

blood 
volume 
in  per- 
centage of 
normal. 

per  cent 

percent 

3rd 

9.00  a.m. 

571 

81 

100 

514 

92 

100 

5.00  p.m. 

571 

78 

104 

501 

82 

112 

4th 

9.00  a.m. 

583 

77 

105 

465 

78 

118 

5.00  p.m. 

566 

74 

no 

476 

74 

124 

*  5th 

9.00  a.m. 

564 

75 

108 

489 

71 

130 

5.00  p.m. 

559 

74 

110 

489 

69 

133 

6th 

9.00  a.m. 

566 

64 

127 

512 

73 

126 

5.00  p.m. 

553 

65 

125 

511 

70 

131 

7th 

9.00  a.m. 

561 

66 

123 

542 

64 

144 

From  these  experiments  it  appears  that  the  chloride  concen- 
tration of  the  blood  remains  practically  constant  or  may  be  slightly 
increased  during  fasting  when  normal  rabbits  are  bled  twice  a  day 
for  several  days.  The  relative  blood  volume,  however,  increases 
progressively  during  this  period. 

Nephritic  Rabbits  during  Fasting. 

Effect  of  a  Sublethal  Dose  of  Sodium  Tartrate  on  Ihe  Chloride  and 
Hemoglobin  Concentration  of  a  Normal  Fasting  Rabbit. 

A  normal  fasting  rabbit,  weighing  2,260  gm.,  was  given  a  sub- 
cutaneous injection  of  tartaric  acid,  0.75  gm.  per  kilo  of  body 
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weight,  neutralized  with  sodium  hydroxide.  The  chloride  and 
hemoglobin  concentrations  were  determined  before  injection  of 
tartaric  acid  and  twice  daily  thereafter  for  5  days.  The  rabbit 
drank  freely,  but  24  hours  after  injection  became  anuric  and 
remained  so  until  the  3rd  day,  after  which  it  excreted  a  small 
quantity  of  urine  each  day.  The  rabbit  was  extremely  weak  on 
the  3rd  day  and  lay  on  its  side  in  a  semicomatose  condition.  On 
the  4th  day  it  seemed  stronger  and  was  more  active  and  seemed 

TABLE  III. 
Effect  of  a  Sublethal  Dose  of  Sodium  Tartrate  on  the  Chloride  and  Hemoglobin 

Concentrations  of  a  Normal  Fasting  Rabbit, 


Time.    Day  of  fasting. 

Rabbit  F.    Weight  -  2,260  gm. 

Day. 

Hour. 

Chloride  as 

NaClper 

100  cc.  blood. 

Hemoglobin. 

Relative 

blood  volume 

in  percentage 

of  normal. 

Excretion  of 
urine. 

percent 

cc 

3rd 

4.00  p.m. 

509 

89 

100 

130 

6.00     " 

Inj( 

jcted  1.7  gm 

.  tartaric  acid. 

4th 

9.00  a.m. 

484 

61 

110 

90 

5.00  p.m. 

415 

70 

127 

0 

5th 

9.00  a.m. 

360 

67 

132 

0 

5.00  p.m. 

352 

73 

122      . 

0 

6th 

9.00  a.m. 

344 

64 

139 

65 

5.00  p.m. 

352 

61 

145 

36 

7th 

9.00  a.m. 

375 

61 

145 

60 

8th 

9.00    " 

429 

66 

135 

160 

9th 

9.00    " 

481 

63 

141 

66 

to  improve  each  day  until  it  died  on  the  8th  day  after  injection. 
The  results  of  this  experiment  are  given  in  Table  III. 

In  the  single  representative  of  this  type  of  experiment  it  will  be 
seen  that  there  is  a  marked  drop  in  chloride  concentration  during 
the  period  of  severe  nephritis  as  shown  by  anuria.  This  is  in  strik- 
ing contrast  to  the  more  or  less  constant  chloride  concentration 
in  a  normal  rabbit  under  similar  experimental  conditions  as  shown 
in  Table  II.  At  the  same  time  the  relative  blood  volume  shows  a 
corresponding  increase,  more  rapid  than  that  observed  in  normal 
rabbits  under  similar  conditions.  Later,  however,  as  there  is  an 
apparent  change  toward  recovery  as  shown  by  excretion  of  urine, 
the  relation  of  chloride  concentration  to  relative  blood  volume 
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changes.  The  relative  blood  volume  remains  more  or  less 
stationary,  whereas  the  chloride  concentration  tends  to  regain  its 
normal  level. 


Effect  of  Fatal  Doses  of  Sodium  Tartrate  on  the   Chloride  and 
Hemoglobin  Concentrations  of  Normal  Fasting  Rabbits. 

Normal  fasting  rabbits  were  given  subcutaneous  injections  of 
tartaric  acid,  1  gm.  per  kilo  of  body  weight,  neutralized  with 
sodium  hydroxide.  The  chloride  and  hemoglobin  concentrations 
were  determined  before  injection  and  twice  daily  thereafter  until 

TABLE  IV. 

Effect  of  Fatal  Doses  of  Sodium  Tartrate  on  the  Chloride  and  Hemoglobin 

Concentrations  of  Normal  Fasting  Rabbits. 


Time.    Day  of  fasting. 

Rabbit  K.    Weight  -  2,360  gm. 

Rabbit  M.    Weight-  2,200  gm. 

Day. 

Hour. 

Chloride 

as  NaCl 

per  100  cc. 

blood. 

Hemo- 
globin. 

Relative 
blood 
volume 
in  per- 
centage of 
normal. 

Chloride 

as  NaCl 

per  100  cc. 

blood. 

Hemo- 
globin. 

Relative 
blood 
volume 
in  per- 
centage of 
normal. 

per  rent 

per  cent 

3rd 

9.00  a.m. 

50G 

86 

100 

556 

77 

100 

10.30  " 

Injected  2.4  gm.  tartaric 

Injected  2.2  gm.  tartaric 

• 

acid. 

acid. 

4.30  p.m. 

523 

84 

102 

4th 

9.00  a.m. 

446 

78 

110 

522 

67 

115 

4.30  p.m. 

415 

83 

104 

Died  on  4th  day  after 

Died  on  2nd  day  after 

injection. 

injection. 

the  animals  died.  These  rabbits  drank  freely,  but  became  com- 
pletely anuric  on  the  day  following  injection.  Of  three  such 
rabbits  one  died  2  days,  one  3  days,  and  one  4  days  after  injection. 
The  results  of  these  experiments  are  given  in  Tables  IV  and  V. 
In  these,  as  in  the  previous  experiments,  it  will  be  seen  that 
there  is  a  more  or  less  rapid  decrease  in  chloride  concentration 
after  the  induction  of  tartrate  nephritis  and  an  increase  in  the 
relative  blood  volume.  The  dilution  of  the  blood  in  tartrate 
nephritis  confirms  the  observations  of  Underhill  and  Greenhouse 
(12)  on  this  condition. 
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TABLE  V. 

Effect  of  a  Fatal  Dose  of  Sodium  Tartrate  on  the  Chloride  and  Hemoglobin 

Concentration  of  a  Normal  Fasting  Rabbit. 


Time.    Day  of  fasting. 

Rabbit  I.    Weight  -  3.000  gm. 

Day. 

• 

Hour. 

Chloride 

aiNaCl 

per  100  cc. 

blood. 

Hemo- 
globin. 

Relative 
blood 
volume 
in  per- 
centage of 
normal. 

Excretion  of  urine. 

percent 

cc. 

3rd 

4.30  p.m. 

514 

82 

100 

150 

5.00     " 

Injected  3 

gm.  tartaric  acid. 

4th 

9.00  a.m. 

435 

99 

91 

0 

4.30  p.m. 

462 

77 

107 

Few  drops  expressed. 

5th 

9.00  a.m. 

451 

75 

109 

0 

4.30  p.m. 

440 

63 

131 

0 

6th 

9.00  a.m. 

451 

53 

156 

0 

4.30  p.m. 

437 

48 

170 

Few  drops  expressed. 

7th 

9.00  a.m. 

484 

32 

254 

0 

4.30  p.m. 

484 

28 

292 

0 

Foi 

ind  dead 

on  5th  day  after  injection. 

Experiments  with  Injection  of  Salt  Solution. 

Influence  of  the  Intravenous  Injection  of  Isotonic  Sodium  Chloride 

Solution  upon  Sodium  Chloride  Content  of  the  Blood  and  upon 

the  Relative  Blood  Volume  of  Normal  Fasting  Rabbits. 

The  chloride  and  hemoglobin  concentrations  of  the  blood  were 
determined  before  the  injection  of  salt  solution.  Then  80  cc. 
of  0.9  per  cent  NaCl  solution  were  introduced  into  the  ear  vein  of 
normal  fasting  rabbits  under  sufficient  pressure  to  inject  the 
entire  amount  in  2  minutes.  The  chloride  and  hemoglobin  con- 
centrations were  determined  immediately  and  at  regular  intervals 
thereafter.  The  results  of  two  such  experiments  are  given  in 
Table  VI. 

It  will  be  seen  from  these  experiments  that  there  is  at  first  a 
rapid  rise  in  the  chloride  content  of  the  blood  which  is  closely 
paralleled  by  the  relative  blood  volume.  In  general  the  chloride 
content  returns  to  a  level  near  normal  or  even  to  normal  within  a 
relatively  short  time  —  30  minutes.  However,  the  normal  level 
may  not  be  maintained,  probably  because  of  the  fact  that  the 
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hemorrhage  effect  observed  previously  now  comes  into  play.  This 
is  especially  noticeable  after  a  period  of  an  hour  or  more.  The 
relative  blood  volume  follows  closely  the  changes  in  the  chloride 
content  of  the  blood. 

TABLE  VI. 
Influence  of  Intravenous  Injection  of  Isotonic  Sodium  Chloride  Solution  upon 
the  Chloride  Content  of  the  Blood  and  upon  the  Relative  Blood  Volume. 


Rabbit  N. 

Weight  - 

2,200  gm. 

Rabbit  P. 

Weight  - 

3,100  gm. 

Time. 

Chloride 

as  NaCl 

per  100  co. 

blood. 

Hemo- 
globin. 

Relative 
blood 
volume 
in  per- 
centage of 
normal. 

Chloride 

as  NaCl 

per  100  co. 

blood. 

Hemo- 
globin. 

Relative 
blood 
volume 
in  per- 
centage of 
normal. 

per  cent 

percent 

520 

80 

100 

494 

102 

100 

After  injection. 

586 

76 

105 

556 

76 

134 

558 

70 

115* 

528 

79 

129 

10       "         

547 

73 

110 

495 

87 

117 

15       "         

545 

72 

111 

514 

89 

115 

30       "         

550 

77 

104 

509 

92 

111 

1  hour 

558 
575 
578 
575 
569 
586 

75 
75 

66 
64 
56 
60 

107 
107 
121 
125 
143 
134 

536 
542 

567 
564 
591 

83 

84 

79 

77 
75 

123 

2  hours 

121 

3     "     

4     "     

129 

5     "     

132 

6     "     

136 

*  In  the  subsequent  analysis  of  this  table,  this  figure  was  taken  instead 
of  105  as  representing  the  more  probable  volume  immediately  after 
injection. 

Influence  of  the  Intravenous  Injection  of  Isotonic  Sodium  Chloride 

Solution  upon  the  Chloride  Content  of  the  Blood  and  Upon 

the  Relative  Blood  Volume  of  Nephritic  Rabbits. 

Normal  fasting  rabbits  were  rendered  nephritic  by  the  sub- 
cutaneous injection  of  1  gm.  of  tartaric  acid  per  kilo  of  body  weight, 
neutralized  with  sodium  hydroxide.  Since  rabbits  thus  treated 
are  completely  anuric  the  day  following  injection,  and  may  die  on 
the  2nd  day,  they  were  used  for  experimentation  24  hours  after 
tartrate  injection.  The  same  procedure  was  followed  as  described 
for  normal  rabbits  in  determining  the  effect  of  fatal  doses  of  sodium 
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tartrate  on  the  chloride  and  hemoglobin  concentrations.    The 
results  of  two  such  experiments  are  given  in  Table  VII. 

It  will  be  seen  from  these  results  that  the  immediate  response  to 
sodium  chloride  injections  into  nephritic  rabbits  varies  but  little 
from  that  observed  with  normal  animals.  That  is  to  say,  the 
relative  blood  volume  and  chloride  content  of  the  blood  follow 
curves  very  similar  in  their  time  relations  to  those  obtained  with 
normal  fasting  animals  under  similar  experimental  conditions. 

TABLE  VII. 

Influence  of  the  Intravenous  Injection  of  Isotonic  Sodium  Chloride  Solution 
upon  the  Chloride  Content  of  the  Blood  and  upon  the  Relative  Blood 

Volume  of  Nephritic  Rabbits. 


Rabbit  R. 

Weight  - 

2,700  gm. 

RabbitS. 

Weight  - 

2,450  gm. 

Time. 

Chloride 

asNaCl 

per  100  co. 

blood. 

Hemo- 
globin. 

Relative 
blood 
volume 
in  per- 
centage of 
normal. 

Chloride 

asNaCl 

per  100  oc. 

blood. 

Hemo- 
globin. 

Relative 

blood 

volume 

inper- 

centaireof 

normal. 

per  cent 

per  cent 

448 

76 

100 

507 

93 

100 

After  injection. 

558 

61 

125 

550 

65 

143 

517 

64 

119 

550 

74 

126 

10       "         

514 

69 

110 

542 

79 

118 

15       "         

525 

79 

118 

30       "         

476 

70 

109 

523 

83 

112 

1  hour 

501 
476 
501 

503 
503 

76 
62 
62 

58 
53 

100 
123 
123 

131 
143 

547 
536 
545 
523 
539 
550 

72 
71 
71 
71 
70 
61 

129 

2  hours 

131 

3     "     

131 

4     "     

131 

5     "     

133 

6     "     

153 

From  this  one  may  perhaps  infer  that,  in  this  type  of  nephritis  at 
least,  the  capacity  of  the  organism  to  adjust  itself  to  alterations  in 
fluid  content  of  the  blood  is  not  impaired  as  judged  by  the  criteria 
adopted.  On  the  other  hand,  in  the  later  time  intervals  studied, 
it  would  appear  that  chlorides  leave  the  tissues  and  enter  the 
blood  stream  less  readily  than  is  true  for  normal  animals.  May 
one  infer  from  this  that  a  change  has  occurred  in  the  capillary 
wall  of  such  a  nature  that  absorption  is  not  hindered  from  the 
blood  to  the  tissues  but  that  in  the  opposite  direction  a  barrier  is 
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interposed,  or  may  one  assume  that  the  tissues  themselves  have  a 
greater  affinity  for  sodium  chloride? 

In  order  to  compare  the  results  of  the  last  two  experiments  more 
accurately,  an  analysis  was  made  of  the  figures  obtained  with 
special  reference  to  the  amount  of  iniected  fluid  and  of  injected 
ItfaCl  which  had  passed  out  of  the  circulation  at  any  given  time. 
Tor  the  purpose  of  calculating  the  absolute  blood  volume  it  was 
assumed  that  the  average  rabbit  of  2  to  3  kilos  has  50  cc.  of  blood 
per  kilo  of  body  weight  (5). 

With  Rabbit  N  therefore,  in  Table  VI,  the  assumed  volume  would  be 

"2  200 

-i— r  X  50  =  110  cc.    80  cc.  of  salt  solution  were  introduced  in  2  minutes. 

If  the  entire  amount  of  injected  liquid  had  still  been  in  the  circulation  at 
the  end  of  the  injection  period,  the  volume  of  blood  would  have  been  110 

-f  80  =  190  cc.  and  the  hemoglobin  would  have  been  —  X  80  per  cent  =»  46 

per  cent.    Immediately  on  completion  of  the  injection,  however,  the  hemo- 

80 
globin  was  found  to  be  70  per  cent,  giving  a  relative  blood  volume  of  —  X 

100  =  115  instead  of  —  X  100  =  174,  and  an  absolute  volume  of  r^,  X  115 

46  100 

=  127  cc.  instead  of  190  cc.    Evidently,  therefore,  190  -127  =  63  cc.  or  79 

per  cent  of  liquid  injected  had  passed  out  of  the  vessels  during  the  period 

of  injection. 

Before  injection  of  salt  solution,  Rabbit  N  had  520  mg.  of  NaCl  per  100 

cc.  of  blood.    If  the  absolute  blood  volume  was  110  cc,  as  assumed  above, 

the  total  chloride  content  of  the  blood  would  have  been  — -    X  520   =   572 

mg.  of  NaCl.    The  injected  salt  solution  was  exactly  0.9  per  cent  NaCl. 

Hence,  80  X  9.0  =  720  mg.  of  NaCl  were  injected.    If  the  whole  amount  of 

injected  salt  had  still  been  in  the  circulation  at  the  end  of  the  injection 

period,  the  total  chloride  content  of  the  blood  would  have  been  572  4-  720  = 

1,292  mg.  of  NaCl.    Immediately  on  completion  of  injection,  however, 

the  chloride  content  of  the  blood  was  586  mg.  of  NaCl  per  100  cc.    The 

absolute  blood  volume,  as  determined  above  from  the  relative  blood  volume 

immediately  after  injection,  was  127  cc.    The  total  amount  of  chloride 

127 
in  circulation,  then,  was  586  X  tttz  =  744  mg.  of  NaCl  instead  of  1,292  mg. 

of  NaCl.  Evidently,  therefore,  1,292  -  744  =  548  mg.  of  NaCl  or  76  per 
cent  of  the  chloride  injected  has  passed  out  of  the  vessels  during  the  period 
of  injection. 

Similar  calculations  were  made  for  the  normal  Rabbit  P  and  for 
the  two  nephritic  rabbits,  Rabbits  R  and  S.    The  percentage  of 
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injected  fluid  and  also  of  injected  NaCl  which  had  passed  out  of 
the  circulation  at  any  given  time  is  represented  in  Table  VIII. 
There  are  several  sources  of  error  in  these  figures.  First  there  is 
room  for  considerable  error  in  collecting  the  blood  drop  by  drop 
from  an  ear  vein.  The  blood  may  flow  freely  and  a  2  cc.  sample  be 
collected  in  a  minute's  time.  On  the  other  hand,  it  may  take  5 
minutes  to  collect  a  sample.  The  error  from  this  variation  would 
be  most  marked  in  the  first  three  or  four  determinations  after 
injection  of  the  salt  solution.  After  half  an  hour  such  variation 
is  of  minor  importance. 

TABLE  VIII. 

Percentage  of  Injected  Liquid  and  Injected  Sodium  Chloride  Which  Has 

Passed  out  of  the  Circulation  at  Any  Given  Time  Following  the  Injection. 


4!i+.'.:« 


Secondly,  the  hemorrhage  factor  has  not  been  considered.  20 
to  25  cc.  of  blood  were  withdrawn  in  the  course  of  each  experiment. 
However,  this  fact  was  the  same  in  each  experiment,  so  the  results 
are  comparable. 

Thirdly,  one  is  not  justified  in  drawing  any  definite  conclusions 
from  the  results  of  so  few  experiments.  As  will  be  seen  in  compar- 
ing Rabbit  N  with  Rabbit  P,  or  Rabbit  R  with  Rabbit  S,  there  is 
a  large  variation  between  animals  of  the  same  type  of  experiment. 

Recognizing  the  inaccuracy  of  these  results  it  is  nevertheless 
interesting  to  compare  the  averages  of  each  type  of  experiment— 
the  injection  of  salt  solution  into  normal  rabbits  and  into  nephritic 
rabbits.  There  is  a  striking  parallelism  between  the  normal 
and  nephritic  rabbits,  both  in  the  passage  of  fluid  and  of  chlorides 
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from  the  vessels  into  the  tissues  and  from  the  tissues  into  the  blood 
stream,  and  in  the  relation  of  NaCl  to  fluid.  During  the  first  half 
hour  the  greater  part,  80  to  90  per  cent,  of  the  fluid  injected  and 
also  of  the  NaCl  injected  passes  out  of  the  circulation.  There  is 
apparently  no  difference  between  normal  and  nephritic  rabbits  in 
this  respect.  After  the  first  half  hour,  fluid  and  NaCl  pass  into 
the  circulation,  and  the  chloride  content  of  the  blood  and  relative 
blood  volume  are  increased.  This  is  probably  due,  in  part  at 
least,  to  the  hemorrhage  effect  observed  previously.  It  would  also 
appear  from  these  figures  that  chlorides  pass  less  readily  from  the 
tissues  into  the  blood  stream  than  the  fluid,  and  there  is  very  little 
difference  between  normal  and  nephritic  rabbits  in  this  respect. 

DISCUSSION   OF  RESULTS. 

The  results  of  these  experiments  show  a  rather  close  parallelism 
between  the  behavior  of  the  injected  NaCl  and  the  injected  fluid. 
That  is,  in  normal  rabbits  the  blood  volume  tends  to  return  to 
normal  in  a  relatively  short  time,  about  30  minutes,  after  the 
injection  of  isotonic  salt  solution.  The  chloride  content  of  the 
blood  also  tends  to  return  to  normal  in  the  same  short  interval  of 
time  after  the  injection  of  sodium  chloride  in  solution.  In 
nephritic  animals,  on  the  other  hand,  there  is  a  partial  failure  of  the 
blood  volume  to  return  to  normal  and  this  also  appears  to  be  true 
of  the  chloride  content  of  the  blood.  It  would  seem,  therefore, 
that  the  barrier  to  the  complete  restoration  of  blood  volume  in 
nephritic  animals  also  prevents  the  complete  restoration  of  the 
chloride  content  of  the  blood.  An  alteration  of  the  permeability 
of  the  blood  vessel  walls  seems  the  only  adequate  explanation  of 
the  changed  condition  prevailing  in  rabbits  rendered  nephritic 
by  sodium  tartrate.  It  is  therefore  concluded  that  the  condition 
of  nephritis  induced  by  sodium  tartrate  effects  an  alteration  of  the 
permeability  of  the  walls  of  the  capillaries  of  the  general  circula- 
tion in  such  a  way  as  to  hinder  the  passage  of  fluid  and  of  NaCl 
from  the  blood  to  the  tissues. 

CONCLUSIONS. 

In  normal  fasting  rabbits,  hemorrhage,  as  practised  in  the  pres- 
ent experiments,  may  or  may  not  significantly  change  the  chloride 
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content  of  the  blood.  When  there  is  a  significant  dilution  of  the 
blood  as  the  result  of  hemorrhage,  the  chlorides  are  correspondingly 
increased.  As  a  rule  there  is  a  marked  general  parallelism  between 
the  relative  blood  volume  and  the  chloride  content  of  the  blood. 

During  fasting  the  chloride  concentration  of  the  blood  remains 
practically  constant  or  may  be  slightly  increased  when  normal 
rabbits  are  bled  daily,  as  practised  in  these  experiments.  The 
relative  blood  volume  increases  progressively  under  the  same 
conditions. 

In  severe  nephritis  produced  by  a  sublethal  dose  of  sodium 
tartrate  there  is  a  marked  decrease  in  the  chloride  concentration 
of  the  blood  and  a  corresponding  increase  in  the  relative  blood 
volume.  As  there  is  an  apparent  change  toward  recovery  the 
chloride  concentration  of  the  blood  increases  and  tends  to  regain 
its  normal  level,  whereas  the  relative  blood  volume  remains 
more  or  less  stationary. 

In  fatal  tartrate  nephritis  there  is  a  more  or  less  rapid  decrease 
in  the  chloride  concentration  of  the  blood  and  an  increase  in  the 
relative  blood  volume. 

In  normal  fasting  rabbits  the  intravenous  injection  of  isotonic 
sodium  chloride  solution  is  followed  by  a  rapid  increase  in  the 
chloride  content  of  the  blood  and  a  corresponding  increase  in  the 
relative  blood  volume.  The  chloride  content  of  the  blood  tends  to 
return  to  normal  within  a  relatively  short  time — 30  minutes. 
However,  the  normal  level  may  not  be  maintained,  probably  be- 
cause of  the  fact  that  the  hemorrhage  effect  observed  previously 
now  comes  into  play.  The  relative  blood  volume  follows  closely 
the  changes  in  the  chloride  content  of  the  blood. 

In  nephritic  rabbits  the  intravenous  injection  of  isotonic  sodium 
chloride  solution  is  also  followed  by  a  rapid  increase  in  the  chloride 
content  of  the  blood  and  a  corresponding  increase  in  relative 
blood  volume,  and  the  chloride  content  and  relative  blood  volume 
tend  to  return  to  normal  in  a  relatively  short  time.  After  an 
hour  or  more,  however,  the  chlorides  tend  to  leave  the  tissues  and 
enter  the  blood  stream  less  readily  in  nephritic  rabbits  than  is 
true  for  normal  animals. 
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THE   INFLUENCE   OF   SUBCUTANEOUS  INJECTIONS   OF 

INDOLE  AND  SKATOLE  UPON  THE  NITROGENOUS 

METABOLISM  OF  THE  RABBIT. 

By  FRANK  P.  UNDERHILL  and  ROBERT  KAPSINOW. 

{From  the  Department  of  Pharmacology  and  Toxicology,  Yale  University, 

New  Haven.) 

(Received  for  publication,  October  4,  1922.) 

Much  interest  is  manifested  in  the  possible  detrimental  effects 
of  the  products  of  intestinal  putrefaction  formed  in  such  condi- 
tions as  chronic  constipation,  intestinal  obstruction,  etc.  The 
isolation  and  testing  of  the  substances  assumed  to  be  responsible 
for  many  of  the  symptoms  characteristic  of  these  abnormal  states 
have  not  been  extensively  undertaken  for  obvious  reasons.  Al- 
though indole  and  skatole  are  at  once  called  to  mind  when  intes- 
tinal putrefaction  is  under  consideration  the  agency  of  these  sub- 
stances in  the  production  of  untoward  symptoms  has  not  been 
clearly  demonstrated.  It  is  true  that  Herter1  has  shown  that 
indole  produces  depression  of  the  circulation  and  respiration  to- 
gether with  clonic  convulsions.  In  man  symptoms  of  neurasthenia 
with  fatigue,  depression,  and  insomnia  are  prominent  when  an 
abnormally  large  amount  of  indole  is  absorbed  either  as  such 
experimentally  or  as  a  result  of  increased  intestinal  putrefaction. 
Doses  of  2  gm.  of  indole  per  kilo  subcutaneously  introduced  into 
rabbits  produce  death  in  a  relatively  short  period. 

The  following  investigation  was  planned  to  determine  the  in- 
fluence of  subcutaneous  injections  of  indole  and  skatole  upon 
nitrogenous  metabolism  in  the  rabbit. 

Methods. 

Normal  full  grown  rabbits  were  fasted  2  days  previous  to 
the  injection  of  indole  and  skatole.    Distilled  water  was  allowed. 

1  Herter,  C.  A.,  New  York  Med.  J.,  1898,  lxviii,  89. 
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Urine  was  collected  in  24  hour  periods.  At  the  beginning  of 
the  3rd  day  30  mg.  of  indole  per  kilo  were  dissolved  in  2J  cc. 
of  ether  and  injected  subcutaneously.  The  same  dosage  and 
procedure  were  employed  for  skatole.  Urinary  analyses  included 
total  nitrogen,  creatine,  creatinine,  total  sulfates,  and  inorganic 
and  ethereal  sulfates  by  the  usual  Folln  methods.  Observations 
were  continued  for  2  days  subsequent  to  injection.  As  a  solvent 
ether  was  employed  instead  of  acetone,  as  used  by  Salant  and 
Kleitman.*  Acetone  is  very  toxic,  whereas  ether  may  be  given 
subcutaneously  in  doses  up  to  5  cc.  without  influence  upon  nitrog- 
enous metabolism. 

The  Influence  of  Indole  and  Skatole  upon  Nitrogenous  Metabolism. 

The  experiments  were  divided  into  two  groups:  (a)  controls;  and 
(b)  experiments  testing  the  influence  of  indole  and  skatole.  In 
Tables  I  and  II  are  data  derived  from  the  control  experiments. 

TABLE  I. 

The  Influence  of  Fasting  upon  Urinary  Composition. 
Rabbit  A  1.    Control.    Fasting. 
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" 

38.S 

It  may  be  stated  that  in  order  to  save  space  only  samples  of  the 
experiments  are  given;  other  protocols  are  omitted.  However, 
all  the  data  obtained  are  in  agreement.  In  Tables  III  and  IV 
results  with  indole  may  be  found.  In  Tables  V  and  VI  the  skatole 
experiments  are  detailed. 

'  Salant,  W.,  and  Kleitman,  N.,  J.  Pharmacol,  and  Exp.  Therap.,  1922, 
six,  307. 
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Comparison  of  the  data  of  the  controls  and  of  the  experimental 
animals  shows  that  indole  and  skatole  are  without  influence  upon 
nitrogenous  metabolism  when  introduced  subcutaneously   in  a 

TABLE  II. 

The  Influence  of  Fatting  upon  Urinary  Competition. 
Rabbit  A  3.    Control.    Fasting. 
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TABLE  III. 

The  Influence  of  Indole  upon  Urinary  Composilio 
Rabbit  A  4.    Indole.    Fasting.    Weight  2,400  gm. 
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*  Injected.    Dose  15  mg.  per  kilo.     Total  dosage,  36  mg.  in  2  cc.  of  ether. 

single  dose.  Indole  appears  to  increase  somewhat  the  excretion 
of  ethereal  sulfates  which,  however,  was  not  true  for  skatole.  In 
other  respects  the  urinary  composition  as  tested  varied  within  the 
limits  set  by  the  controls.  The  introduction  of  these  substances 
in  the  doses  given  failed  to  call  forth  "any  noteworthy  symptoms. 


TABLE  IV. 
The  Influence  of  Indole  upon  Urinary  Composition. 
Rabbit  A  4.    Indole.    Fasting.    Weight  2,300  gm. 
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*  Injected.    Dose,  30  rag.  per  kilo.     Total  doaage,  69  in 
of  ether. 

TABLE  V. 
The  Influence  of  Skatole  upon  Urinary  Composition 
Rabbit  B  2.    Skatole.    Fasting.    Weight  2,070  gm. 
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*  Injected.   Dose,  30  mg.  per  kilo.   Total  doaage,  62  mg.  in  3  cc 

TABLE  VI. 
The  Influence  of  Skatole  upon  Urinary  Composition. 
Rabbit  B  3.    Skatole.    Fasting.    Weight  2,070  gm. 
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'Injected.  Dose,  30  mg.  per  kilo.   Total  dosage,  62  mg.  in  See.  of  ether. 


THE    PREPARATION    OF   NUCLEIC    ACID   FROM    THE 

NUCLEOPROTEIN  OF  TUBERCLE  BACILLI 

(TUBERCULINIC  ACID).* 

By  TREAT  B.  JOHNSON  and  ELMER  B.  BROWN. 
(From  the  Department  of  Chemistry,  Yale  University,  New  Haven.) 

(Received  for  publication,  October  13,  1922.) 

While  it  has  been  known  for  a  long  time  that  nucleoprotein 
constitutes  a  considerable  part  of  the  cell  of  tubercle  bacillus  it 
was  not  until  1898  that  an  attempt  was  made  to  separate  a  nucleic 
acid  from  this  organism.  This  was  undertaken  by  Ruppel,1 
who  subjected  large  quantities  of  crushed  bacilli  to  aqueous  ex- 
traction and  treatment  with  acetic  acid  and,  succeeded  in  precipita- 
ting from  the  acid  solution  with  hydrochloric  acid  and  alcohol  a 
product  containing  9.42  per  cent  of  phosphorus  and  possessing 
all  the  properties  of  a  nucleic  acid.  Ruppel  named  this  character- 
istic product  "Tuberculinsaure",  and  described  it  as  a  substance 
possessing  poisonous  and  immunizing  properties,  but  beyond  its 
similarity  in  properties  to  other  nucleic  acids  and  its  high  phos- 
phorus content  no  further  proof  was  given  by  him  to  establish 
its  identity. 

RuppePs  investigation  was  followed  by  the  work  of  Levene*'* 
who  succeeded  in  extracting  from  defatted  and  crushed  tubercle 
bacilli  with  5  per  cent  aqueous  sodium  chloride  or  8  per  cent  am- 
monium chloride  a  small  amount  of  phosphorus  containing  ma- 
terial possessing  the  properties  of  a  nucleic,  acid.  This  product 
was  never  obtained,  however,  in  pure  condition,  but  that  he  was 
dealing  with  a  nucleic  acid  was  proved  by  the  fact  that  it  contained 

*  This  paper  is  constructed  from  a  dissertation  which  was  presented  by 
Elmer  B.  Brown  in  June,  1922,  to  the  Faculty  of  the  Yale  Graduate  School 
in  candidacy  for  the  degree  of  Doctor  of  Philosophy. 

1  Ruppel,  W.  G.,  Z.  physiol.  Chem.,  1898-99,  xxvi,  218. 

*  Levene,  P.  A.,  J.  Med.  Research,  1901,  vi,  135. 

*  Levene,  P.  A.,  J.  Med.  Research,  1904,  xii,  251. 
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phosphorus  and  gave  on  hydrolysis  the  two  characteristic  purines 
—guanine  and  adenine.  Levene  not  only  isolated  free  nucleic 
acid  from  tubercle  bacilli  by  extraction  with  the  above  inorganic 
salt  solutions,  but  he  also  subjected  his  bacilli  residues  to  hydroly- 
sis with  5  per  cent  sodium  hydroxide  solution  and  succeeded  in 
this  manner  in  freeing  combined  nucleic  acid  from  the  nucleo- 
protein  constituents  of  the  cell.  This  acid  was  separated,  and 
subjected  to  acid  hydrolysis  when  the  two  purines,  guanine  and 
adenine,  were  obtained.  Levene  was  unable  to  establish  from 
the  results  of  his  analyses  that  this  acid  from  tubercle  bacillus  is 
identical  with  yeast  or  thymus  nucleic  acid. 

Besides  these  two  investigators  no  one  has  succeeded  apparently 
in  isolating  any  product  from  tubercle  bacillus  exhibiting  the 
characteristic  properties  of  a  nucleic  acid  with  the  exception  of 
the  Japanese  investigator  Kitajima.4  He  succeeded  in  separating 
from  this  organism  by  an  extraction  process  a  poisonous  constituent 
to  which  he  gave  the  name  "Tuberkelothymine  Saure."  While 
the  composition  of  this  acid  was  not  determined,  Kitajima  states 
in  his  paper  that  the  substance  behaved  in  every  way  like  thymus 
nucleic  acid  and  yielded  thymine  or  a  similar  body  on  hydrolysis. 

In  all  the  records  of  these  researches  no  data  are  given  indicat- 
ing the  yield  of  nucleic  acid  obtained  from  tubercle  bacillus. 
Several  investigators  in  this  field  have  used  the  phosphorus  con- 
tent as  an  indirect  measure  of  nucleic  acid  and  calculated  the 
amount  of  acid  and  nucleoprotein  present  on  that  basis,  but  it  is 
now  known  that  such  calculations  are  inaccurate  as  the  tubercle 
bacilli  contain  a  large  proportion  of  their  phosphorus  in  other 
forms  of  organic  combinations  as  phosphatides,  lecithin,  etc. 
The  nitrogen  hydrolytic  products  of  nucleic  acid  such  as  the 
purines  and  pyrimidines  are  characteristic  of  these  biochemical 
substances,  and  Long5  has  recently  determined  from  the  quantity 
of  purines  found  after  hydrolysis  that  the  real  nucleic  acid  con- 
tent of  defatted  bacillus  is  between  2.0  and  3.5  per  cent  of  the 
weight  of  this  organism.  The  accuracy  of  this  figure  depends,  of 
course,  upon  efficient  removal  of  foreign  material  and  thorough 
drying  of  the  bacilli.  The  results  obtained  by  Long,  though 
lower  than  expected,  represent  very  probably  the  best  estimate 

<  Kitajima,  T.,  Mitt.  Med.  Ges.  Tokio,  1902,  xvi,  17. 
1  Long,  E.  R.,  .4m.  Rev.  Tuberc.  1920-21,  iv,  S42. 
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of  the  actual  nucleic  acid  content  of  tubercle  bacillus  which  has 
thus  far  been  made.  A  quantitative  determination  of  the  pyri- 
midine  content  of  tubercle  bacillus,  which  is  equally  characteristic 
of  nucleic  acids,  has  never  been  made. 

The  nucleic  acid  of  tubercle  bacillus  was  of  interest  to  the  writers 
not  because  of  the  supposed  poisonous  or  immunizing  properties 
ascribed  to  it  by  earlier  investigators,  but  from  the  more  funda- 
mental standpoint  of  classification  of  the  tubercle  bacilli.  The 
experimental  evidence,  thus  far  presented,  indicates  that  the 
nucleic  acids  of  plant  and  animal  origin  are  quite  different  in 
chemical  constitution,  but  so  far  as  the  writers  are  aware,  no  one 
has  completely  analyzed  the  nucleic  acid  of  tubercle  bacillus  to 
ascertain  the  group  to  which  this  organism  is  to  be  assigned. 
Fortunately  a  sufficient  quantity  of  this  organism  to  undertake 
the  first  stages  of  such  an  investigation  was  placed  at  our  disposal 
this  past  year,  and  in  this  paper  we  desire  to  render  a  preliminary 
and  condensed  report  of  certain  results  of  our  research.  We  will 
now  present  not  only  several  new  facts  of  interest  bearing  on  the 
question  of  composition  of  tubercle  bacilli,  but  also  describe  a 
method  of  operating  whereby  the  nucleic  acid  of  this  unicellular 
organism  can  be  obtained  for  experimental  work  without  great 
difficulty.6 

EXPERIMENTAL    PART. 

Supply  of  Tubercle  Bacilli. 

The  tubercle  bacilli  which  were  furnished  for  our  research 
through  the  courtesy  of  Parke,  Davis  and  Co.  consisted  of  human 

9  Our  research  on  tubercle  bacilli  was  supported  in  part  this  past  year 
by  a  special  grant  from  the  National  Tuberculosis  Association  and  this 
paper  may  be  considered  as  a  partial  report  of  the  progress  of  our  work. 
The  investigation  will  be  continued  this  coming  year  by  Dr.  Brown  in  the 
Sterling  Chemistry  Laboratory,  and  the  writers  take  this  opportunity  to 
thank  the  National  Tuberculosis  Association  for  its  help  and  for  the  further 
privilege  of  utilizing  the  resources  of  its  Research  Fellowship  for  another 
year.  The  large  amount  of  tubercle  bacilli  used  in  our  research  was  fur- 
nished by  the  Mulford  Co.  and  Parke,  Davis  and  Co.  The  writers  desire 
to  express  their  thanks  for  the  assistance  given  by  these  companies,  and 
also  to  express  their  indebtedness  to  Dr.  E.  R.  Long  of  Chicago  Uni- 
versity, and  to  Dr.  M.  Dorset  of  Washington,  D.  C,  for  supplying  them 
with  small  quantities  of  defatted  and  dried  tubercle  bacilli. 
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bacilli  and  were  received  by  us  in  the  form  of  a  heavy,  light  grey, 
granular  powder  resembling  sand.  The  tubercle  bacilli  furnished 
by  the  Mulford  Co.  were  a  mixture  of  human  and  bovine  bacilli 
and  somewhat  less  granular  than  the  Parke,  Davis  and  Co.  prod- 
uct, and  much  darker  in  color.  The  material  supplied  by  both 
concerns  had  been  well  dried  before  shipment  to  our  laboratory, 
the  Parke,  Davis  and  Co.  and  the  Mulford  Co.  products  losing 
only  1  and  1.5  per  cent  of  water,  respectively,  after  thorough 
grinding  and  drying  in  vacuo  over  concentrated  sulfuric  acid. 
After  this  treatment  neither  product  lost  further  weight  by  heat- 
ing to  110°C.  at  ordinary  pressure  or  at  55°C.  in  a  partial  vacuum. 
The  amount  of  tubercle  bacilli  furnished  was  363  gm.  of  the  human 
bacilli  and  443  gm.  of  the  mixed  human-bovine  bacilli  or  a  total 
of  806  gm. 

Fat  Content  of  Tubercle  Bacilli. 

The  solvent  which  we  found  most  practical  for  the  extraction 
of  fat  in  our  tubercle  bacilli  was  anhydrous  toluene,  and  it  was 
our  experience  that  the  operation  could  be  carried  out  efficiently 
and  rapidly  in  large  units  by  operating  in  an  ordinary  flask  and 
decanting  the  toluene  extract  after  digestion  to  dissolve  fat. 
To  avoid  loss  of  bacilli  by  decantation  of  toluene  the  flask  was 
connected  to  a  reflux  condenser  and  the  toluene  drawn  off  through 
a  syphon  tube  after  thorough  settling.  The  extraction  was 
hastened  by  heating  with  toluene  at  90-100°C.  for  7  to  8  hours 
and  the  solution  then  decanted  after  cooling.  After  repetition  of 
this  procedure  five  to  six  times  with  liberal  quantities  of  toluene 
the  extraction  of  fat  was  practically  complete  and  the  bacilli 
could  be  drained  on  a  Buchner  funnel  with  ease  and  then  dried 
to  constant  weight  by  heating  at  80°C.  in  a  partial  vacuum. 
From  361  gm.  of  Parke,  Davis  and  Co.  bacilli  we  obtained  236.3 
gm.  of  defatted  material,  showing  a  loss  in  weight  of  124.7  gm. 
(34.55  per  cent).  425  gm.  of  the  Mulford  Co.  bacilli  were 
subjected  to  a  similar  extraction  process  in  which  we  used  7  liters 
of  anhydrous  toluene.  Here  the  loss  in  weight  was  actually  43.53 
per  cent;  the  defatted  bacilli  weighing  240  gm.  after  drying  in  a 
vacuum  at  80°C.  It  is  possible  that  some  colloidal  material 
besides  fat  was  removed  by  the  toluene,  but  nothing  could  be 
separated  by  filtering  or  centrifuging  the  toluene  solution.  These 
toluene*  extracts  have  been  set  aside  for  further  research. 
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Analysts  of  Tubercle  Bacilli  for  Inorganic  Constituents. 

The  analytical  values  for  ash  are  somewhat  higher  than  those 
reported  by  De  Schweinitz  and  Dorset,7  and  also  by  the  Royal 
Commission,5  but  lower  than  the  values  published  by  Levene.2 
Goris9  reports  an  ash  content  of  2.5  per  cent  in  dried  bacilli. 
Mention-should  also  be  made  here  of  the  fact  that  the  ash  of  the 
original  Mulford  Co.  bacilli  gave  on  analysis  a  SO4  content  of 
10.41  per  cent,  and  also  contained  Si(>2  to  the  extent  of  4.2  per 
cent.  Since  we  did  not  observe  the  presence  of  silica  in  the  Parke, 
Davis  and  Co.  bacilli,  we  infer  that  this  probably  is  an  impurity 
in  the  Mulford  Co.  product  and  is  not  a  constituent  of  normal 
tubercle  bacilli.    In  general,  the  analytical  values  for  inorganic 

table  1. 


Sample. 


Ash. 


Parke,  Davis  and  Co.  origi- 
nal bacilli 

Parke,  Davis  and  Co.  bacilli 
after  toluene  extraction. . 

Mulford  Co.  original  bacilli. 

Mulford  Co.  bacilli  after 
toluene  extraction 


per  cent 

4.19 

5.44 

5.78 


9.41 
9.2 


PiOiin 
ash. 

percent 


47.88 

46.12 
39.66 


17.60 


PtOsin 
bacilli. 


per  cent 

2.01 

2.49 
2.29 

1.65 


CaOin 

ash. 


per  cent 


CaOin 
bacilli. 


per  cent 


7.16 


1.16 


MgOin 
ash. 


percent 


MgOin 
bacilli. 


per  cent 


0.41 


8.52 


0.68 


0.47 


constituents  agree  quite  well  with  those  obtained  by  previous 
investigators,  and  the  results  tend  to  confirm  the  conclusions 
already  made  that  no  definite  distinction  between  viruses  of  dif- 
ferent origin  can  be  established  by  these  analytical  values.  The 
composition  of  the  ash  of  tubercle  bacilli  is  dependent  apparently 
upon  the  conditions  influencing  the  organisms  during  their  growth. 

Inorganic  Constituents  Extracted  by  Toluene. 

The  toluene  was  removed  from  the  fat  by  heating  the  extrac- 
tion solution  in  an  oil  bath  at  125°C.  when  a  viscous  residue  was 

7  De  Schweinitz,  E.  A.,  and  Dorset,  M.,  J.  Am.  Chem.  Soc.t  1895,  xvii, 
605;  1903,  xxv,  358. 

8  Final  report  of  the  Royal  Commission  for  Tuberculosis,  1913,  xl,  30. 
•  Goris,  A.,  and  Liot,  A.,  Ann.  Inst.  Pasteur,  1920,  xxxiv,  497. 
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obtained  which  partially  solidified  on  cooling.  This  product, 
representing  124.7  gm.  of  extracted  material,  dissolved  completely 
in  1,200  cc.  of  chloroform.  An  aliquot  part  of  the  latter  solution 
(20  cc),  when  evaporated  and  heated  at  80°C.  in  a  vacuum,  yielded 
1.9853  gm.  of  a  dark-colored  viscous  product  resembling  crude 
molten  rubber,  which  gave  after  incineration  0.0443  gm.  of  ash 
corresponding  to  2.23  per  cent  of  the  weight  of  material  destroyed. 
87.46  per  cent  of  this  ash  was  composed  of  the  following  inorganic 
oxides:  P206,  54.58  per  cent;  CaO?  24.28  per  cent;  MgO,  8.70 
per  cent,  leaving  12.54  per  cent  to  be  accounted  for  in  the  form 
of  sodium  and  potassium  salts,  which  have  been  shown  to  be 
normal  constituents  of  tubercle  bacilli.  Earlier  investigators, 
who  have  studied  the  fat  extracts  of  tubercle  bacilli,  have  paid 
little  attention  to  the  presence  of  inorganic  elements  with  the 
exception  of  phosphorus  and  nitrogen. 

Goris,9  for  example,  extracted  the  bacilli  with  acetone  and 
examined  the  ash  after  evaporation  and  incineration,  but  claimed 
I  hat.  it  was  composed  chiefly  of  phosphorus.  The  fact  that  cal- 
cium and  magnesium  together  with  phosphorus  are  carried  into 
solution  with  fat  in  such  large  quantities  is  a  fact  of  considerable 
interest.  Whether  the  alkali  earths  are  present  here  in  the  form 
of  salts  of  organic  acids,  or  result  from  incineration  of  nucleopro- 
tein  of  tubercle  bacilli  soluble  in  toluene  or  carried  in  colloidal 
suspension  remains  to  be  decided  by  further  research. 

Extraction  of  Defatted  Tubercle  Bacilli  with  95  Per  Cent  Alcohol. 

To  determine  if  alcohol-soluble  material  is  present  in  tubercle 
bacilli  after  removal  of  fat  with  toluene  61  gm.  of  extracted  Parke, 
Davis  and  Co.  bacilli  were  digested  with  300  cc.  of  hot  95  per  cent 
alcohol  for  3  hours.  This  operation  was  repeated  three  times 
when  we  obtained  a  deep  red  solution.  After  filtering  and  drying 
the  residue  at  80°C.  in  a  partial  vacuum  we  recovered  56  gm.  of 
bacilli  showing  a  loss  of  8.2  per  cent.  This  residue  yielded  a 
colorless,  odorless  powder  when  pulverized  and  on  analysis  for 
inorganic  constituents  gave  the  following  values:  N,  9.61  per  cent; 
ash,  5.31  per  cent;  P205  in  ash,  41.7  per  cent,  CaO  in  ash,  1.6  per 
cent;  MgO  in  ash,  7.57  per  cent. 

In  other  words,  inorganic  material  is  dissolved  by  extraction 
with  alcohol  and  the  amount  of  P206  extracted  equals  about  83.75 


T.  B.  Johnson  and  E.  B.  Brown  727 

per  cent  of  the  weight  of  ash  removed  or  5.8  per  cent  of  the  total 
loss  in  weight.  This  large  loss  in  phosphorus  by  solution  in 
alcohol  indicates  removal  from  the  tubercle  bacilli  of  products  of 
the  nature  of  phosphatides.  This  alcohol  extract  deposited  a 
white  flocculent  precipitate  on  cooling,  and  a  similar  precipitation 
was  produced  by  diluting  the  alcohol  with  water.  It  will  be  of 
interest  to  learn  whether  alcohol-soluble  proteins  are  extracted 
from  tubercle  bacilli  by  this  treatment  and  just  as  soon  as  suffi- 
cient tubercle  bacilli  are  available  for  research  we  shall  investi- 
gate this  problem. 

Separation  of  Tuberculinic  Acid. 

The  material  used  for  the  preparation  of  nucleic  acid  (tubercu- 
linic acid)  was  the  dried  tubercle  bacilli  left  after  extraction  with 
toluene  as  described  above.  The  hydrolysis  of  the  nucleoprotein 
was  effected  by  treatment  of  the  dried  bacilli  with  3  per  cent 
aqueous  sodium  hydroxide  for  1  hour.  Several  preliminary 
experiments  showed  that  one  treatment  with  this  alkali  solution 
was  not  sufficient  to  remove  all  the  nucleic  acid,  and  we  found  it 
advisable  and  practical  to  apply  a  second  alkali  treatment  with 
5  per  cent  sodium  hydroxide  solution.  Our  tests  indicated  that 
this  removed  completely  the  nucleic  acid.  Lack  of  time  and  the 
small  amount  of  tubercle  bacilli  available  prevented  us  from 
studying  the  conditions  influencing  hydrolysis  as  carefully  as 
we  desired,  but  from  the  results  which  we  were  fortunate  in 
obtaining  it  can  be  said  that  the  yield  of  nucleic  acid  obtained  by 
us  was  about  1  per  cent  of  the  weight  of  the  original  ttiliercle 
bacilli.  This  probably  does  not  represent  the  total  amount  of 
nucleic  acid  present,  and  if  more  is  contained  in  the  bacilli  it  is 
either  destroyed  by  the  treatment  with  alkali,  or  remains  in  the 
filtrate  after  precipitation  with  alcohol.  In  support  of  this  con- 
clusion is  our  observation  that  the  residue  left  after  alkali  hydroly- 
sis gave  none  of  the  specific  tests  for  pyrimidines.  The  nucleic 
acid  (tuberculinic  acid)  was  obtained  in  the  form  of  a  light  grey 
powder.  It  was  not  subjected  to  further  purification  before  a 
hydrolysis  for  the  separation  and  identification  of  pyrimidines. 
Just  as  soon  as  it  is  possible  to  obtain  more  of  this  acid  it 
will  be  carefully  purified  and  submitted  to  a  complete  analysis. 
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Our  method  of  operating  for  the  preparation  of  this  nucleic  acid 
is  revealed  by  the  description  of  a  single  hydrolysis  experiment: 

100  gm.  of  dry,  defatted  tubercle  bacilli  are  thoroughly  trit- 
urated in  a  large  mortar  with  1,600  cc.  of  water.  A  solution  of 
sodium  hydroxide  containing  60  gm.  of  NaOH  in  400  cc.  of  water 
is  then  added  and  the  bacilli  are  thoroughly  ground  in  suspension 
for  1  hour.  This  grinding  is  absolutely  essential  in  order  to  break 
up  the  cells  and  get  good  penetration  of  the  alkali  into  the  cellular 
structure.  After  1  hour  the  solution  is  made  distinctly  acid  with 
acetic  acid,  care  being  taken  to  stir  continuously  and  vigorously 
during  addition;  at  the  same  time  keeping  the  temperature  of  the 
solution  below  20°C.  After  acidifying,  the  mixture  is  then  allowed 
to  stand,  generally  over  night,  and  finally  filtered  and  the  residue 
washed  carefully  with  water  containing  about  2  per  cent  of  acetic 
acid.    This  acid  filtrate  is  saved,  as  described  below. 

The  residue  of  bacilli  is  given  a  second  treatment  with  5  per 
cent  sodium  hydroxide  solution  using  exactly  1,000  cc.  and  apply- 
ing the  trituration  treatment  at  ordinary  temperature  for  2  hours. 
Acetic  acid  is  then  added  as  before  and  the  filtrate  saved.  From* 
the  100  gm.  of  dried  bacilli  we  recovered  84  gm.  of  insoluble 
material,  indicating  that  16  per  cent  of  the  original  bacilli  was 
extracted  by  the  alkali.  This  residue  contained  1.19  per  cent 
of  P2O6  while  the  original  nucleoprotein  used  for  hydrolysis  con- 
tained 2.19  per  cent  of  P2O5.  Therefore,  only  45.66  per  cent  of 
the  phosphorus  was  removed  by  alkali.  Since  this  residue  failed 
in  every  one  of  our  hydrolysis  experiments  to  give  positive  tests 
for  pyrimidines,  we  concluded  that  the  extraction  of  nucleic 
acid  was  complete,  and  that  the  phosphorus  present  in  the  residue 
(54.34  per  cent)  is  held  in  the  form  of  other  combinations  beside 
nucleic  acid. 

Precipitation  of  Tuberculinic  Acid. 

The  acetic  acid  filtrate  obtained  from  the  hydrolysis  of  the 
nucleoprotein  with  3  per  cent  alkali  is  diluted  with  concentrated 
hydrochloric  acid  until  a  slight  permanent  precipitate  is  produced, 
when  an  equal  volume  of  95  per  cent  alcohol  is  then  stirred  into 
the  solution.  Care  should  be  taken  to  keep  the  mixture  cold 
during  this  operation.  The  solution  is  then  allowed  to  stand  for 
several  hours  when  the  nucleic  acid  deposits  as  a  layer  or  amor- 
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phous  precipitate  on  the  bottom  of  the  precipitating  jar.  The 
clear  supernatant  liquid  is  easily  removed  by  decantation  and  the 
nucleic  acid  then  separated  by  centrifuging.  This  is  triturated 
with  50  per  cent  alcohol  and  the  separation  made  again  by  means 
of  the  centrifuge.  After  repeating  this  operation  three  times 
using  80  per  cent,  95  per  cent,  and  anhydrous  alcohol,  respectively, 
a  product  was  obtained  which  was  considered  of  sufficient  purity 
for  hydrolysis.  The  acid  was  washed  with  ether  and  finally 
dried  in  a  vacuum  over  concentrated  sulfuric  acid.  The  filtrate 
obtained  after  the  second  alkali  treatment  with  5  per  cent  alkali 
was  worked  up  in  a  similar  manner  for  nucleic  acid,  but  the  yield 
from  this  fraction  was  very  small  in  every  case.  By  application 
of  the  above  procedure  to  436  gm.  of  fat-free  and  dried  tubercle 
bacilli  we  succeeded  in  isolating  7.7  gm.  of  tuberculinic  acid. 
This  product  failed  to  respond  to  the  biuret  test  for  proteins  and 
gave  all  the  reactions  and  tests  which  are  characteristic  of  nucleic 
acids. 

Nitrogen  Distribution  in  the  Protein  of  Tubercle  Bacilli  after 

Removal  of  Nucleic  Acid. 

Analysis  was  made  according  to  the  method  of  Van  Slyke. 

gm.  percent 

Total  nitrogen 0.56354        100.00 


Histidine 
Lysine 


0.02316     4.11 
0.00710     1.26 


Amide  nitrogen 0.06665  11.83 

Humin 

Cystine 

Arginine    "       0.05990  10.63 

0.06470  11.48 

0.02080  3.69 

Monoamino  nitrogen 0.26710  47.39 

Non-amino         "       0.05265  9.34 

Tryptophane Present. 

Total  nitrogen  accounted  for 0. 56206  99. 73 

SUMMARY. 

1.  Tubercle  bacilli  (human  and  bovine)  have  been  carefully 

extracted  with  toluene  to  remove  fat  and  the  cellular  structure 
subjected  to  hydrolysis  at  ordinary  temperature  with  3  per  cent 
sodium  hydroxide  to  separate  the  nucleic  acid. 
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2.  The  nucleic  acid  of  tubercle  bacilli  has  been  precipitated  by 
means  of  alcohol  and  7.7  gm.  obtained  which  failed  to  respond  to 
the  biuret  test  for  proteins. 

3.  This  specific  nucleic  acid  has  been  given  the  name,  tuberculinic 
acid. 

4.  The  protein  residue  left  behind  after  removal  of  tuberculinic 
acid  has  been  analyzed  according  to  the  method  of  Van  Slyke 
and  its  total  nitrogen  accounted  for. 
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A  careful  revfew  of  the  literature  of  tuberculosis  and  especially 
that  dealing  with  the  chemistry  of  tubercle  bacilli  has  revealed 
the  fact  that  we  have  not  at  present  an  accurate  knowledge  of  the 
constitution  of  the  pyrimidines  which  function  in  the  molecular 
structure  of  the  nucleic  acid  of  tubercle  bacilli.  Our  knowledge 
of  the  nature  of  the  sugar  content  of  this  organism  is  likewise 
equally  scanty,  while  in  the  case  of  the  purines  it  has  been  definitely 
established  that  the  normal  constituents  of  nucleic  acids,  guanine 
and  adenine,  are  present. 

Levene,1  while  working  with  defatted  tubercle  bacilli,  attempted 
to  isolate  the  pyrimidines  contained  in  that  organism,  but  the 
products  which  he  obtained  after  hydrolysis  were  so  impure  that 
it  was  impossible  for  him  to  decide  conclusively  as  to  their  exact 
constitution.  He  separated  from  his  pyrimidine  fractions  a 
nitrogenous  substance  which  gave  analytical  values  for  nitrogen 
intermediate  between  the  theoretical  values  for  thymine  and  uracil, 
and  he  concluded  that  he  was  dealing  with  a  mixture  of  these  two 
compounds.  Levene  also  examined  his  solution  for  bases,  but 
was  unable  to  draw  any  definite  conclusion  as  to  the  occurrence 
of  cytosine.  This  investigator,  as  well  as  all  others  who  have 
worked  in  this  field,  was  greatly  handicapped  in  his  research  by 
not  having  at  his  service  the  characteristic  color  tests,  which  have 
since  been  developed  for  the  detection  and  identification  of  uracil 
I,  thymine  II,  and  cytosine  III. 

*  This  paper  is  constructed  from  a  dissertation  which  was  presented  by 
Elmer  B.  Brown  in  June,  1922,  to  the  Faculty  of  the  Yale  Graduate  School 
in  candidacy  for  the  degree  of  Doctor  of  Philosophy. 

1  Levene,  P.  A.,  J.  Med.  Research,  1904,  xii,  251. 
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Other  investigators  have  reported  the  presence  of  thymine 
among  the  decomposition  products  of  tubercle  bacilli,  but  a  care- 
ful review  of  the  reports  of  their  researches  will  reveal  the  fact  that 
their  conclusions  are  not  supported  by  reliable  experimental  data. 
For  example,  Kitajima,2  who  separated  the  nucleic  acid  called 
"Tuberkelothymine  Saure,"  states  that  it  contained  the  pyrimi- 
dine,  thymine,  or  a  similar  substance,  but  since  uracil  possesses 
many  properties  in  common  with  thymine  it  cannot  be  concluded 
from  his  experimental  evidence  which  one  of  these  two  pyrimidines 
he  was  actually  dealing  with. 

In  our  preceding  paper,8  we  have  given  a  description  of  our 
method  of  separating  tuberculinic  acid  from  tubercle  bacilli, 
and  by  the  application  of  which  we  succeeded  in  obtaining  from  a 
mixture  of  human  and  bovine  tubercle  bacilli  7.7  gm.  of  this  acid 
for  further  investigation.  0.7  gm.  of  this  product  was  utilized 
in  making  certain  tests  to  assure  ourselves  that  we  actually  had 
in  hand  a  nucleic  acid.  The  remainder  (7  gm.)  was  subjected  to 
hydrolysis  and  a  complete  analysis  made  for  pyrimidines.  We 
now  find,  after  a  careful  examination  of  the  products  of  hydrolysis, 
that  this  nucleic  acid  (tuberculinic  acid)  is  characterized  by  the 
fact  that  it  contains  no  uracil.  The  only  pyrimidines  in  the  acid, 
for  which  we  were  able  to  obtain  positive  tests  and  succeeded  in 
isolating,  were  thymine  and  cytosine.  Both  of  these  two  pyrimi- 
dines were  obtained  in  sufficient  quantities  for  complete  purifica- 
tion and  analysis.  From  the  new  data  which  we  have  succeeded 
in  obtaining  we  may  conclude,  therefore,  that  tuberculinic  acid 
is  a  nucleic  acid  of  animal  origin,  thereby  establishing  the  natural 
group  to  which  the  unicellular  organism  tubercle  bacillus  is  to  be 
assigned. 

In  the  experimental  part  of  this  paper  is  given  a  complete  de- 
scription of  our  method  of  separating  the  pyrimidines,  thymine 
and  cytosine,  from  tuberculinic  acid,  and  of  establishing  their 

1  Kitajima,  T.,  Mitt.  Med.  Ges.  Tokio,  1902,  xvi,  17. 

8  Johnson,  T.  B.,  and  Brown,  E.  B.,  J.  Biol.  Chem.,  1922,  liv,  721. 
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identity  by  characteristic  color  tests.    The  study  of  tuberculinic 
acid  will  be  continued  in  the  Sterling  Chemistry  Laboratory. 

EXPERIMENTAL   PART. 

Hydrolysis  of  Tuberculinic  Acid  with  Sulfuric  Acid. 

7  gm.  of  tuberculinic  acid  from  tubercle  bacilli  were  dissolved 
in  a  mixture  of  42  cc.  of  water  and  14  cc.  of  concentrated  sulfuric 
acid.  The  solution  was  then  heated  in  an  oil  bath  at  125°C. 
for  25  hours.  This  operation  was  conducted  in  a  round  bottom 
Pyrex  flask  which  was  connected  to  a  reflux  condenser.  After 
the  hydrolysis  was  completed  (25  hours)  500  cc.  of  water  were 
added  and  also  finely  pulverized  barium  hydroxide  until  the  re- 
sulting solution  became  distinctly  alkaline  towards  litmus.  The 
solution  was  then  filtered  and  the  precipitate  washed  thoroughly 
with  hot  water.  The  combined  filtrates  and  washings  were  then 
concentrated  under  diminished  pressure  to  a  volume  of  exactly 
250  cc,  and  this  finally  made  distinctly  acid  with  sulfuric  acid 
and  then  filtered  to  remove  barium  sulfate  and  probably  some 
guanine  sulfate. 

A  saturated  solution  of  silver  sulfate  (5  gm.)  was  then  added  to 
this  sulfuric  acid  solution,  when  a  voluminous,  chocolate-colored 
precipitate  was  obtained.  This  was  filtered  off  and  finally  thrown 
away  after  it  was  shown  by  tests  that  it  contained  no  pyrimidines. 
To  the  clear  filtrate  barium  hydroxide  was  added  until  the  solu- 
tion remained  distinctly  alkaline,  when  a  voluminous  white  precipi- 
tate of  silver  salts  was  obtained.  After  thorough  cooling  of  the 
solution  this  salt  was  separated  with  the  centrifuge,  washed  again 
with  water,  and  finally  separated  again  with  the  centrifuge. 

This  silver  salt  was  then  triturated  with  400  cc.  of  water,  acidi- 
fied with  5  cc.  of  concentrated  sulfuric  acid,  and  the  silver  removed 
as  sulfide  by  thorough  saturation  with  hydrogen  sulfide.  This 
operation  required  that  the  mixture  be  stirred  vigorously  during 
the  treatment  with  hydrogen  sulfide  in  order  to  break  up  all  lumps 
of  silver  salt  suspended  in  the  solution.  The  silver  sulfide  was 
removed  by  filtration  and  the  precipitate  given  a  second  treat- 
ment in  dilute  sulfuric  acid  solution  with  hydrogen  sulfide  at  40°, 
when  the  decomposition  of  silver  salts  of  pyrimidines  was  considered 
complete.    The  combined  filtrates  from  this  process  were  then 
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carefully  freed  from  sulfuric  acid  and  barium  and  finally  concen- 
trated on  a  steam  bath  to  a  volume  of  300  cc.  This  solution  was 
practically  colorless,  and  when  Wheeler  and  Johnson's4  color  test 
for  uracil  and  cytosine  was  applied  to  an  aliquot  part  of  5  cc.  a 
strong  positive  test  for  these  pyrimidines  was  obtained. 

Precipitation  of  Cytosine  as  Phosphotungstate. 

The  above  solution  containing  pyrimidines  was  first  concen- 
trated to  a  volume  of  150  cc.  and  then  acidified  with  1  cc.  of  con- 
centrated sulfuric  acid.  Phosphotungstic  acid  solution  was  then 
added  drop  by  drop  as  long  as  an  immediate  precipitate  was  pro- 
duced. We  were  very  careful  to  avoid  adding  a  large  excess  of 
this  reagent.  A  copious  white  precipitate  was  produced,  and 
after  filtering,  it  was  washed  with  a  small  volume  of  cold  water. 
The  filtrate  which  contained  thymine  was  saved,  as  described 
below. 

The  cytosine  was  liberated  from  the  phosphotungstic  acid  pre- 
cipitate by  suspending  the  latter  in  400  cc.  of  water  and  finally 
decomposing  it  with  an  excess  of  barium  hydroxide.  This  opera- 
tion is  facilitated  by  stirring  and  this  was  continued  for  about  3 
hours  to  break  up  thoroughly  ail  lumps  of  salt.  The  precipitate 
was  then  filtered  off  and  the  excess  of  barium  removed  by  saturat- 
ing the  solution  with  carbon  dioxide.  When  the  clear  filtrate  was 
concentrated  to  a  very  small  volume  and  cooled,  cytosine  sepa- 
rated in  the  form  of  large  plates.  The  pyrimidine  was  filtered  off, 
washed  with  alcohol  and  ether,  and  finally  dried  in  a  vacuum  over 
sulfuric  acid.  The  yield  was  0.1035  gm.  This  base  gave  the 
characteristic  color  test  of  Wheeler  and  Johnson,4  and  an  analysis 
for  water  was  in  agreement  with  the  required  value  for  this  base. 

Water  determination.  0.1033  gin.  of  base  lost  at  110°C.  0.0147  gm.  of 
water. 

C4H6ON3.    Calculated.    H,0  14.07. 
Found.  "     14.23. 

Since  this  is  the  first  cytosine  to  be  separated  from  the  nucleic 
acid  of  tubercle  bacilli  the  specimen  has  been  preserved  for  future 
reference. 

4  Wheeler,  H.  L.,  and  Johnson,  T.  B.,  J.  Biol.  Chem.,  1907,  iii,  183. 
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Separation  and  Identification  of  Thymine. 

The  filtrate  left  after  precipitation  of  cytosine  with  phosphotung- 
stic  acid  was  freed  from  this  reagent  by  precipitation  with  barium 
hydroxide,  the  excess  of  barium  removed  in  the  usual  manner  by 
saturating  the  fluid  with  carbon  dioxide  and  the  solution  then 
concentrated  to  a  volume  of  5  to  10  cc.  and  allowed  to  cool. 
Thymine  separated  in  the  form  of  clusters  of  foliated  crystals, 
possessing  a  mother  of  pearl  luster.  They  were  separated,  washed 
with  alcohol  and  ether,  and  then  dried  in  a  vacuum  over  concen- 
trated sulfuric  acid.    The  yield  was  0.0756  gm. 

Nitrogen  determination  (Kjeldahl). 

C6H.02Ni.    Calculated.    N  22.22. 
Found.  "  22.12. 

A  portion  of  this  thymine  and  an  aliquot  part  of  the  filtrate  from 
which  it  crystallized  were  tested  for  uracil  and  cytosine  by  applica- 
tion of  Wheeler  and  Johnson's  bromine  reaction.4  In  neither 
case  did  we  obtain  the  characteristic  color  test  for  these  pyrimi- 
dines,  thus  proving  that  neither  of  them  were  present  here  as 
impurities. 

Identification  of  Thymine  by  Means  of  Johnson  and  Baudisch1  s 

Color  Reaction. 

Johnson  and  Baudisch5  have  recently  shown  that  the  thymine 
molecule  can  be  destroyed  by  oxidation  with  air  in  the  presence  of 
ferrous  sulfate  and  acid  sodium  carbonate  with  cleavage  of  the 
ring  and  formation  of  pyruvic  acid,  acetole,  urea,  and  formic 
acid.  The  urea  is  easily  identified  by  precipitation  with  xanthy- 
drol6  and  the  acetole  is  detected  by  the  characteristic  color  reac- 
tions which  are  developed  when  this  compound  is  allowed  to  in- 
teract in  alkali  solution  with  o-aminobenzaldehvde.  This  leads 
to  the  formation  of  3-oxyquinaldine  which  is  characterized  by 
its  brilliant  blue  fluorescence  in  alkaline  solution.  These  reactions 
are  extremely  sensitive  and  serve  for  the  detection  of  thymine 
when  present  in  very  minute  quantities.     For  example,  0.004 

'Johnson,  T.  B.,  and  Baudisch,  O.,  ./.  Am.  Chem.  Soc,  1921,  xliii,  2670. 
•Fosse,  R.,  Compt.  rend.  Acad.,   1907,  cxlv,  813;  Ann.  Inst.  Pasteur, 
1916,  xxx,  525,  673. 
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gm.  of  our  thymine  obtained  from  tubercle  bacilli  was  oxidized 
according  to  the  directions  of  Johnson  and  Baudisch,5  and  the 
distillate  tested  according  to  the  procedure  outlined  in  their 
original  paper.  The  characteristic  blue  fluorescence  of  3-oxyquinal- 
dine  was  easily  recognized,  and  was  greatly  intensified  when  viewed 
by  the  light  of  an  iron  arc.  The  residue  left  after  distilling  to 
remove  acetole  was  dissolved  in  50  per  cent  acetic  acid  and  the 
urea  precipitated  with  xanthydrol  when  0.0075  gm.  of  the  dixan- 
thyl-urea  was  obtained  melting  at  257°C.  The  result  shows  that 
52  per  cent  of  the  total  urea  theoretically  possible  of  formation  by 
destruction  of  the  thymine  used  was  obtained  in  the  form  of  the 
xanthydrol  derivative. 

It  is  a  fact  of  considerable  interest  to  the  writers  that  no 
uracil  was  produced  during  the  digestion  of  tuberculinic  acid  with 
sulfuric  acid  as  a  result  of  the  hydrolysis  of  cytosine.  Apparently 
this  base  is  perfectly  stable  under  the  conditions  employed  in 
our  work,  and  the  result  obtained  leads  the  writers  to  believe  that 
wrong  conclusions  may  have  been  made  in  the  past  regarding  the 
origin  of  this  pyrimidine  in  several  of  the  products  examined.  It 
would  be  a  fact  of  considerable  interest  from  a  chemical  stand- 
point if  it  should  be  established  that  cytosine,  when  linked  in  the 
nucleic  acid  molecule,  is  more  resistant  to  the  action  of  mineral 
acids  than  when  in  the  free  condition  as  a  base. 

Examination  of  the  Nucleoprotein  of  Tubercle  Bacilli  for  Pyrimidines 
after  Hydrolysis  and  Separation  of  Nucleic  Acid. 

30  gm.  of  the  nucleoprotein,3  which  had  been  analyzed  according 
to  the  method  of  Van  Slyke,  were  subjected  to  an  intensive 
hydrolysis  with  33  per  cent  sulfuric  acid  by  digesting  for  30  hours 
at  130°C.  The  solution  was  then  diluted  to  800  cc.  with  water, 
filtered,  and  the  sulfuric  acid  removed. by  precipitation  as  barium 
sulfate.  The  excess  of  barium  was  then  precipitated  as  carbonate 
and  the  filtrate  concentrated  by  heating  in  a  vacuum  to  a  volume 
of  150  cc.  This  solution  was  then  acidified  with  nitric  acid  and 
5  gm.  of  silver  nitrate  were  dissolved  in  it.  A  precipitate  was 
formed  here  which  was  discarded,  as  silver  salts  of  the  pyrimidine 
are  not  precipitated  in  nitric  acid  solution.  The  usual  procedure 
was  then  applied  for  precipitating  the  pyrimidine  as  silver  salts 
in  alkaline  solution  and  the  resulting  silver  precipitate  separated 
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and  examined  for  pyrimidines.  It  was  first  treated  with  dilute 
hydrochloric  acid  to  remove  silver  as  silver  chloride,  and  the  fil- 
trate then  concentrated  to  a  volume  of  10  cc.  One-half  of  this 
solution  was  concentrated  still  further  and  then  tested  for  uracil 
and  cytosine  according  to  the  method  of  Wheeler  and  Johnson.4 
We  obtained  no  indications  of  the  formation  of  a  purple  color 
proving  the  absence  of  uracil  and  cytosine.  The  remaining  5  cc. 
of  solution  were  treated  according  to  the  directions  of  Johnson 
and  Baudisch6  to  test  for  thymine  when  a  negative  result  was 
also  obtained.  In  other  words,  this  product  (nucleoprotein) 
was  entirely  free  from  nucleic  acid. 

SUMMARY. 

1.  Tuberculinic  acid,  the  nucleic  acid  of  tubercle  bacilli,  has 
been  submitted  to  acid  hydrolysis  by  digestion  with  sulfuric 
acid  and  an  analysis  made  for  pyrimidines.  Cytosine  and  thy- 
mine have  been  separated  and  identified. 

2.  Uracil  was  not  found  in  the  molecule  of  tuberculinic  acid.* 


QUANTITATIVE  ASPECTS  OF  THE  R6LE  OF  VITAMINE  B 

IN  NUTRITION.* 

By  THOMAS  B.  OSBORNE  and  LAFAYETTE  B.  MENDEL. 
With  the  Cooperation  op  Helen  C.  Cannon. 

(From  the  Laboratory  of  the  Connecticut  Agricultural  Experiment  Station 
and  the  Sheffield  Laboratory  of  Physiological  Chemistry ,  Yale 

University ,  New  Haven.) 

(Received   for  publication,    October   20,    1922.) 

Students  of  the  vitamine  problem  seem  at  present  to  be  in 
accord  in  the  belief  that  the  now  recognized  food  accessories  are 
not  synthesized  de  novo  by  the  higher  animals  but  are  derived 
from  their  food  supply.  Furthermore,  the  comparatively  rapid 
onset  of  symptoms  of  disorder  following  the  lack  of  vitamine  B 
in  the  diet  leads  to  the  conclusion  that  normal  animals  do  not 
possess  any  large  available  reserve  of  this  food  factor.  It  is  of 
obvious  importance  therefore  to  secure  a  quantitative  estimate  of 
the  actual  amounts  of  the  different  vitamines  requisite  for  the 
proper  physiologic  function  of  the  various  animal  organisms  at 
all  stages  of  their  existence  and  under  the  different  conditions 
represented  by  unlike  age,  sex,  activity,  diet,  planes  of  metabolism, 
or  other  possible  modifying  circumstances. 

So  long  as  the  vitamines  remain  unidentified  as  chemical 
individuals  their  function  can  only  be  measured  in  terms  of  the 
naturally  occurring  products  or  their  derivatives  which  contain  the 
unidentified  essentials.  Furthermore,  it  is  clearly  established  that 
the  vitamine  potency  of  such  products  varies  in  different  specimens 
of  the  same  material  and  may  be  influenced  by  the  mode  of  pro- 
duction and  similar  biological  factors.  These  inevitable  facts  have 
made  it  difficult  to  secure  satisfactory  bases  for  comparisons 
involving  vitamine  dosage  or  potency. 

*  The  expenses  of  this  investigation  were  shared  by  the  Connecticut 
Agricultural  Experiment  Station  and  the  Carnegie  Institution  of  Washing- 
ton, D.  C. 
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There  is  no  longer  any  question  regarding  the  indispensability 
of  vitamine  B  for  the  adequate  nutrition  of  a  considerable  number 
of  species  of  laboratory  animals,  particularly  during  the  period  of 
growth.  The  widely  known  report  of  the  British  Medical 
Research  Committee1  is  responsible  for  the  statement  that  "the 
requirements  of  the  body  for  the  factor  [vitamine  B]  are  much 
greater  during  growth  than  during  maturity. "  It  is  not  easy, 
however,  to  discover  experimental  evidences  in  proof  of  this  thesis. 
Perhaps  this  is  based  on  Drummond's  earlier  statement*  that  in 
the  case  of  young  rats  the  withdrawal  of  vitamine  B  from  the 
dietary  is  almost  invariably  followed  by  an  immediate  cessation  of 
growth  succeeded  by  a  period  during  which  the  animal  either 
maintains  a  constant  body  weight  or  shows  a  very  slow  decline 
until  the  sudden  terminal  change  resulting  in  death.  Drummond 
adds  that  "from  a  large  number  of  observations  it  has  been 
ascertained  that  the  period  of  maintenance,  which  follows  the 
restriction  and  precedes  the  final  decline,  is  roughly  proportional 
to  the  age  of  the  animal  when  the  restriction  is  imposed. "  His 
further  statement  that  "adult  animals  are  able  to  live  for  con- 
siderable periods  without  receiving  a  supply  of  this  dietary  factor 
[vitamine  B]"  must  be  interpreted  in  the  light  of  his  added 
statement  that  "during  this  period  they  usually  show  a  slow 
decline  in  body-weight,  which  is  associated  at  a  later  stage  with  an 
enfeebled  resistance  to  disease.  The  ultimate  decline  is,  however, 
inevitable. "  A  somewhat  similar  view  is  recorded  in  the  British 
Report  when  it  states,  that  "adult  animals  show  a  very  gradual 
fall  in  body  weight  following  the  restriction  [removal  of  vitamine 
B],  but  sooner  or  later  both  young  and  old  subjects  suffer  a  rapid 
decline  which  invariably  terminates  fatally. "  It  seems  scarcely 
justifiable,  in  view  of  the  admitted  fact  that  rats  of  all  ages 
inevitably  decline  when  vitamine  B  is  omitted  from  their  diet,  to 
suggest  any  marked  difference  in  the  actual  need  of  this  vitamine 
on  the  basis  of  the  differences  in  the  rate  of  decline  shown  by 
animals  possessing  undoubtedly  unlike  nutritive  reserves.  It 
seems  worth  while  to  emphasize  this  criticism  in  view  of  the  fact 

1  Report  on  the  present  state  of  knowledge  concerning  accessory  food 
factors  (vitamines),  Med.  Research  Com.,  Nat.  Health  Insurance,  Special 
Rep.  Series,  No.  88,  1919,  21. 

2  Drummond,  J.  C,  Biochem.  J.,  1918,  xii,  29. 
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that  published  statements  have  awakened  a  widespread  belief 
that  vitamine  B  is  essential  primarily  for  growth. 

The  problem  involved  can  be  investigated  experimentally. 
Many  of  the  earlier  studies  in  this  field  are  open  to  criticisms  in  the 
light  of  the  rapidly  increasing  knowledge  shed  upon  this  new 
field  of  research  during  the  past  few  years.  Consequently,  it  is 
unnecessary  to  present  an  elaborate  review  of  the  subject.  Fre- 
quently the  dietary  materials  used  were  not  demonstrated  to  be  as 
free  from  vitamine  B  as  the  investigations  strictly  required;  and 
further,  as  we  have  often  pointed  out,  the  earlier  methods  of  feeding 
have  been  such  as  to  leave  the  actual  intake  of  various  important 
factors  involved  in  the  questions  at  issue  uncertain  or  unde- 
termined. , 

Evidence  has  not  been  lacking  that  the  amount  of  growth  of 
experimental  animals  on  otherwise  uniform  and  adequate  diets 
may  be  proportional  to  the  amount  of  vitamine  B-bearing  products 
included  in  the  diet.  For  example,  in  1917  we  showed  that  in 
diets  in  which  varying  percentages  of  yeast  were  incorporated  as 
the  source  of  vitamine  B  in  otherwise  adequate  food  mixtures  the 
rate  of  growth  increased  up  to  a  certain  point  with  the  increasing 
content  of  the  yeast  component.8  A  recalculation  of  some  of  our 
earlier  data  so  as  to  show  the  absolute  daily  intake  of  yeast  in 
these  experiments  gives  data  which  also  are  in  harmony  with  the 
suggestion  that,  up  to  the  essential  minimum,  growth  (and 
consequently  also  food  intake)  improves  with  the  increasing 
dosage  of  the  source  of  vitamine.  Similarly,  regarding  another 
source  of  vitamine  B,  McCollum4  notes  that  "rats  which  are  at  all 
depleted  with  respect  to  the  factor  B  do  not  recover  when  only  2 
per  cent  of  wheat  germ  is  present  in  the  ration.  They  do  recover 
from  a  condition  of  extreme  weakness,  and  partial  paralysis  on  our 
ration  with  the  extracted  germ  to  the  extent  of  but  3  per  cent. " 

The  same  general  parallelism  of  improved  growth  with  increasing 
doses  of  vitamine  B  up  to  the  essential  minimum  or  optimum  for 
normal  response  has  been  observed  in  our  studies  with  vitamine- 
bearing  fractions  of  yeast  extracts,  as  well  as  in  numerous  investi- 
gations on  the  effect  of  varying  dosage  of  plant  products  upon  the 

•  Osborne,  T.  B.,  and  Mendel,  L.  B.,  J.  Biol.  Chem.,  1917,  xxxi,  149. 
« McCollum,  E.  V.,  J.  Am.  Med.  Assn.,  1917,  lxviii,  1379. 
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growth  of  rats.5  The  facts  indicated  in  the  preceding  review 
could  doubtless  be  further  illustrated  by  reference  to  many 
individual  experiments  scattered  through  the  now  voluminous 
literature  on  vitamines. 

Some  time  ago  we  undertook  to  ascertain  the  actual  daily 
requirement  of  vitamine  B  for  rats  at  various  stages  of  their 
growth  through  the  period  of  adolescence  and  in  animals  of  widely 
unlike  size.  The  conditions  selected  were  intended  to  be  more 
strictly  comparable  or  identical  with  respect  to  all  the  other 
dietary  factors  than  had  been  the  case  in  previous  investigations. 
These  studies  were  expected  to  furnish  conclusive  evidence  as  to 
whether  the  requirement  for  vitamine  B  actually  varies  with  the 
age  (and  size)  of  the  individual;  and  whether  there  is  a  wide 
variation  in  the  need  of  this  vitamine  among  different  animals  kept 
under  otherwise  comparable  hygienic  and  dietary  conditions.  It 
was  anticipated,  further,  that  such  a  study  might  throw  some  light 
on  the  possible  mode  of  action  of  the  vitamine;  thus,  for  example, 
if  it  functions  in  somewhat  the  same  manner  as  enzymes  and 
related  catalysts  are  supposed  to  act,  a  definite  small  initial  dose 
might  serve  under  a  large  variety  of  conditions  to  initiate  a  chain 
of  events  or  chemical  reactions  of  widely  different  extent  which 
might  proceed  to  their  normal  conclusion  according  to  attendant 
circumstances  in  the  system  in  which  they  were  established.  On 
the  other  hand,  it  is  equally  conceivable  that  the  vitamine  may 
act  as  an  integral  chemical  component  of  biological  mechanisms — 
cells,  for  instance — in  which  the  need  thereof  would  be  expressed 
quantitatively  by  increments  of  demand  proportional  to  the 
increase  in  the  structures  of  which  they  were  a  part — just  as  other 
" building  stones"  in  the  organism  which  are  indispensable  to  liv- 
ing cells  must  be  supplied  in  amounts  proportional  to  the  number 
of  cells  creating  the  structural  demand.  Or  again,  even  a  mere 
stimulant  like  a  drug  might  be  required  in  doses  proportional  to 
the  tissue  to  be  stimulated,  analogously  to  what  one  finds  in  the 
domain  of  pharmacology.  Thus  a  dose  of  pilocarpin  which  will 
promote  secretion  in  a  small  animal  no  longer  suffices  in  a  much 
larger  individual.     This  well  known  fact  is  taken  into  account  in 

5  Osborne,  T.  B.,  and  Mendel,  L.  B.,  J.  Biol.  Chem.,  1919,  xxxix,  29; 
1920,  xli,  451 ;  1920,  xlii,  465; ./.  Am.  Med.  Assn.,  1922,  lxxviii,  1121. 
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adjusting  the  dosage  of  medicinal  agents  for  persons  of  widely 
unlike  age  and  size. 

EXPERIMENTAL. 

In  the  present  feeding  experiments  on  white  rats  a  food  mixture 
consisting  of  casein  18,  starch  54,  lard  15,  butter  fat  9,  and  salt 
mixture6  4  per  cent,  and  demonstrated  as  the  result  of  many 
trials  to  promote  growth  to  full  adult  size  when  an  abundance  of 
vitamine  B  in  the  form  of  yeast  is  supplied,  represented  the 
"standard  food"  which  was  always  furnished  ad  libitum  along 
with  tap  water  to  the  animals.  The  vitamine  B  product  consisted, 
unless  otherwise  specified,  of  tablets  from  a  single  lot  of  dried 
brewery  yeast  which  has  been  used  in  our  laboratory  for  several 
years.  The  individual  tablets,  which  were  manufactured  in  our 
laboratory  showed  a  variation  of  not  more  than  ±  5  per  cent  f  uom 
the  dosage  size  indicated  for  them.  The  yeast  was  fed  in  a 
separate  dish  and  almost  invariably  eaten  promptly  as  soon  as  it 
was  offered. 

The  plan  of  the  feeding  trials  consisted  in  continuing  the  same 
dosage  of  yeast  daily  over  a  period  of  1  year,  the  beginning  of 
such  a  dietary  regime  being  made  at  different  ages  (and  conse- 
quently different  sizes),  with  animals  previously  maintained  on 
the  mixed  diet  customarily  furnished  after  weaning  to  our  colony.7 
In  this  way  it  became  possible  to  ascertain  not  only  what  doses  of 
vitamine-bearing  supplement  were  required  at  different  ages  until 
adult  size  was  reached,  but  also  whether  a  more  or  less  prolonged 
preliminary  period  of  less  "artificial"  feeding  on  food  mixtures 
which  have  been  demonstrated  to  be  adequate  in  every  respect  for 
the  nutritive  well  being  of  the  rat  would  alter  the  subsequent 
vitamine  requirement.  Not  less  than  five  rats  (usually  males) 
were  employed  in  each  test;  and  they  were  kept  in  individual 
cages.  At  the  end  of  the  year  on  unchanged  diet  (or  earlier  if 
serious  decline  in  weight  had  intervened)  the  dosage  of  yeast  was 
increased  in  a  considerable  number  of  cases  in  order  to  ascertain 
whether  still  greater  increments  of  weight  could  be  secured  on  the 
standard  diet  employed.  The  results  are  summarized  in  graphic 
form  in  Charts  1  and  2  which  show  the  changes  in  body  weight 

•  Osborne,  T.  B.,  and  Mendel,  L.  B.,  J.  Biol.  Chem.,  1919,  xxxvii,  572. 
7  Ferry,  E.  L.,  J.  Lab.  and  Clin.  Med.,  1919-20,  v,  735. 
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during  the  year  of  the  fixed  diet.  Attention  is  directed  to  the  f  ac1 
that  the  feeding  trials  of  successive  groups  on  the  same  yeast 
dosage  were  begun  when  the  animals  had  reached  approximately 
40,  70, 150,  and  240  gm.,  respectively,  of  body  weight. 

Limitations  of  space  do  not  permit  the  recording  here  of  the 
enormous  number  of  data  furnished  "by  these  laborious  tests.  In 
examining  the  charts  it  should  be  borne  in  mind  that  the  average 
adult  size  for  male  rats  in  our  colony  approximates  300  to  350  gm.; 
adult  size  beyond  which  little  or  at  best  slow  increments  of  weight 
occur  being  reached  at  the  age  of  240  to  300  days. 

With  these  facts  in  mind  it  will  be  noted  that  in  Groups  1, 2, 3,  and 
4,  of  Series  A,  in  which  200  mg.  of  dry  yeast  were  supplied  daily  to 
each  rat,  the  animals  with  few  exceptions  reached  the  average  adult 
size  within  the  average  normal  time.  The  occasional  death,  of  a 
rat  among  the  large  number  investigated  need  not  militate 
against  the  significance  of  the  general  outcome  of  the  experiments. 
The  apparent  tendency,  in  all  of  the  series,  for  the  rats  started 
later  on  the  "artificial"  diet  to  grow  somewhat  larger  than  those 
which  began  to  receive  the  standard  food  plus  yeast  at  an  early 
age,  presumably  is  due  to  the  differences  in  age  at  the  end  of  the 
various  feeding  periods  in  the  groups.  Our  stock  rats  tend  to 
show  a  slow  but  steady  increment  of  weight  even  long  after  the  end 
of  the  first  year  of  life.  Whether  this  age  factor  is  sufficient  to 
account  for  this  phenomenon  we  are  unable  to  state  at  the  present 
time.  It  will  be  noted  also  that  the  growth  of  an  occasional 
animal  such  as  one  in  Series  A,  Group  3,  and  one  in  Series  B, 
Group  3,  tended  to  exceed  that  of  its  mates,  suggesting  either 
unusually  low  vitamine  requirement  or  exceptional  capacity  for 
growth  in  individual  animals.  On  the  whole,  however,  the 
results  are  remarkably  concordant  when  the  severe  conditions  of 
the  experiment — long  periods  of  confinement  in  small  cages  with- 
out exercise,  and  without  change  of  the  " purified"  diet — and  also 
the  fact  that  the  rate  of  growth  and  ultimate  maximum  size  of  our 
stock  animals  varies  quite  as  widely,  are  borne  in  mind. 

It  will  be  seen  at  once  that,  although  the  daily  dosage  of  200  mg. 
of  our  yeast  seems  to  suffice  as  a  source  of  vitamine  B  to  facilitate 
average  growth  at  all  periods  until  adult  size  is  reached,  the  out- 
come with  100  mg.  (Series  B),  particularly  after  the  animals 
attain  a  weight  of  200  gm.,  tends  to  be  less  satisfactory.    When  the 
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daily  dosage  is  still  smaller  (50  mg.  in  Series  C;  25  mg.  in  Series  D), 
the  rate  of  growth  is  more  or  less  retarded  from  the  very  beginning 
of  the  experiments.  In  the  case  of  the  larger  animals  in  Series  D 
25  mg.  of  yeast  per  day  failed  in  every  instance  to  secure  even 
maintenance  of  body  weight  for  any  length  of  time,  although  all 
of  the  animals  recovered  their  weight  and  began  to  grow  when  the 
vitamine  B  intake  was  augmented.  Even  with  somewhat  smaller 
animals  on  the  lowest  dosage  not  only  was  no  long  continued 
growth  secured  but  maintenance  became  somewhat  difficult. 

Obviously,  when  the  daily  intake  of  yeast  remains  unchanged 
while  an  animal  is  rapidly  altering  its  body  weight  the  dosage  of 
vitamine  estimated  on  the  basis  of  any  acceptable  "unit, "  whether 
it  be  in  terms  of  weight,  stature,  or  surface  area,  will  become  pro- 
gressively altered.  It  is  instructive,  therefore,  to  attempt  an 
estimate  of  the  actual  dosage  in  our  numerous  experiments  under 
strictly  comparable  conditions  in  terms  of  one  of  these  il units. " 
For  purpose  of  illustration  we  have  selected  100  gm.  body  weight 
in  such  calculations.  Estimated  on  this  basis,  which  is  admittedly 
open  to  theoretical  objections  just  as  are  the  other  various  units 
which  have  been  proposed  for  the  record  of  basal  metabolism,  it 
appears,  broadly  speaking,  as  if  the  vitamine  B  requirement  in  the 
case  of  the  rat  under  conditions  of  growth  or  maintenance  upon  a 
food  of  constant  qualitative  and  quantitative  make-up  bears  some 
quantitative  relationship  to  the  mass  of  active  tissue.  Under  the 
conditions  of  our  experiment  the  daily  requisite  per  100  gm.  of 
body  weight  seemed  to  approximate  what  is  contained  in  50  to 
60  mg.  of  our  dry  yeast.  This  conclusion  is  reached  by  observing 
the  weight  of  the  animals  for  which  maintenance  is  either  barely 
possible,  or  no  longer  satisfactory,  in  the  numerous  individual 
experiments  on  the  varied  fixed  daily  doses  of  yeast.  Table  I, 
which  receives  its  justification  from  our  statistics  and  a  study  of 
Charts  1  and  2,  summarizes  some  of  the  data  applicable  to  the 
problem. 

It  should  perhaps  be  specifically  noted  that  a  number  of  the 
larger  animals,  such  as  those  in  Series  B  for  example,  showed  a 
satisfactory  maintenance  and  sometimes  even  slow  increments  in 
weight  on  a  daily  yeast  dosage  which,  calculated  in  terms  of  100 
gm.  body  weight  units,  was  considerably  less  than  50  mg.,  the 
quantity  which  we  have  judged  to  be  the  approximate  requirement 
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under  the  conditions  noted.  Similar  observations  have  been 
made  in  the  case  of  a  number  of  larger  and  older  rats  which  were 
made  to  depend  upon  vitamine  B  dosage  somewhat  lower  than 
that  calculated  on  the  50  mg.  per  100  gm.  weight  basis.  It  seems 
not  unlikely  that  this  outcome  is,  strictly  speaking,  not  funda- 
mentally in  conflict  with  the  dosage  principle  enunciated;  for  i 
may  be  that  the  larger  animals  are  comparatively  rich  in  fat 
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Chart  3. 

that  the  actual  amount  of  the  active  tissues,  with  which  the  vita' 
mine  need  is  assumed  to  be  correlated,  is  far  smaller  than  the 
total  body  weight  indicates.  A  somewhat  similar  situation  has 
been  found  with  respect  to  the  so  called  creatinine  coefficient 
in  man.  The  endogenous  urinary  output  of  this  substance  in 
general  bears  a  fairly  constant  relation  to  the  size  of  the  individual 
as  expressed  by  body  weight;  an  exception  has  repeatedly  been 
found,  however,  in  the  case  of  corpulent  individuals  in  whom  the 
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icient  is  low  in  proportion  to  the  estimated  preponderance  of 
tiveadipose  tissue. 

ae  further  illustration  of  the  dependence  of  the  rate  of  growth, 
3r  otherwise  comparable  dietary  and  environmental  conditions, 
i  the  vitamine  dosage  is  presented  in  Chart  3.    This  shows 
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Chart  4. 

differences  in  the  rate  of  growth  of  six  animals  from  the  same 

ir,  each  of  which  was  put  upon  our  standard  casein  diet  when 

eached  a  size  represented  by  100  gm.  of  body  weight,  the 

able  being  the  daily  dosage  of  yeast.    The  graphic  results  are 

explanatory. 

he  evidence  for  a  correlation  between  the  size  of  the  animal 

its  vitamine  B  requirement  for  securing  the  expected  nutritive 
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condition  (i.e.  growth  or  maintenance  according  to  the  size  and 
age  of  the  animal)  has  been  corroborated  by  feeding  experiments 
in  which  more  concentrated  preparations  of  vitamine  have  been 
employed.  Thus,  using  the  yeast  concentrate  described  by 
Osborne  and  Wakeman8  as  the  vitamine  B  supplement  to  our 
standard  food,  growth  usually  stopped  when  rats  reached  a  size 
somewhat  less  than  200  gm.  in  body  weight  on  a  daily  dose  of  40 
mg.  of  concentrate.  Growth  was  promptly  resumed  when  the 
dose  was  increased.  Some  of  these  effects  are  illustrated  in  Chart 
4.  It  is  little  short  of  surprising  to  see  how  the  seemingly  small 
variations  in  the  intake  of  a  product,  which  at  best  must  be  com- 
posed in  large  part  of  extraneous  matter  other  than  the  vitamine 
per  se,  are  attended  by  corresponding  changes  in  the  body  weight 
of  the  animals.  When  the  smaller  doses  are  fed  to  larger  Animals 
a  decline  in  weight  ensues;  with  intermediate  doses  there  may  be 
maintenance  at  various  levels  of  body  weight;  with  the  larger 
intake  for  the  smaller  animals  growth  ensues. 

In  the  experiments  here  recorded  the  qualitative  and  quantita- 
tive composition  of  the  basal  food  mixture  has  been  kept  un- 
changed. The  experiments,  therefore,  throw  no  direct  light  upon 
the  question  as  to  whether  the  make-up  of  the  food  intake  has  a 
direct  bearing  upon  the  requirement  for  vitamine  B.  It  has  been 
claimed,  for  example,  that  by  increasing  the  protein  intake  the  need 
of  the  vitamine  may  be  diminished  in  comparison  with  what 
pertains  on  diets  low  in  protein  and  very  rich  in  carbohydrate.9 
Such  observations  as  we  have  made  incidentally  in  other  investi- 
gations have  not  given  any  support  to  this  contention. 

The  recent  studies  of  Cowgill10  on  dogs  in  the  laboratory  of  one 
of  us  furnish  added  evidence,  in  connection  with  another  species  of 
animal,  of  a  quantitative  relationship  between  the  requirement  of 
vitamine  B  and  the  size  of  the  animal. 

8  Osborne,  T.  B.,  and  Wakeman,  A.  J.,  /.  Biol.  Chem.,  1919,  xl,  383. 
»  Funk,  C,  and  Dubin,  H.  E.,  Science,  1920,  lii,  447. 
10  Cowgill,  unpublished  data. 
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IV.  THE  INFLUENCE  OF  YEAST  AND  BUTTER  FAT  UPON  MAG- 
NESIUM  AND  PHOSPHORUS  ASSIMILATION. 

By  L.  JEAN  BOGERT  and  RUTH  K.  TRAIL. 

{From  the  Department  of  Food  Economics  and  Nutrition,  Kansas  State 

Agricultural  College,  Manhattan.) 

(Received  for  publication,  October  23,  1922.) 

In  recently  published  metabolism  experiments  on  normal 
women,  a  noticeable  lowering  of  the  total  calcium  excretion  and  a 
correspondingly  favorable  influence  upon  the  calcium  balances 
were  observed  during  the  periods  when  either  yeast  or  butter  fat 
were  added  to  a  basal  diet  very  poor  in  vitamines.  In  view  of 
these  facts,  which  suggest  some  relation  between  the  vitamine 
content  of  the  diet  and  the  assimilation  of  calcium,  it  was  con- 
sidered of  interest  to  follow  the  magnesium  and  phosphorus 
metabolism  of  these  subjects  during  the  same  interval,  in  order  to 
see  whether  the  yeast  or  butter  fat  exerted  any  similar  influence 
simultaneously  upon  the  metabolism  of  other  inorganic  con- 
stituents of  the  diet. 

The  phosphorus  and  magnesium  content  of  the  foods  (given  in 
Table  I)  were  determined  at  the  time  of  the  experiment,  using  the 
same  samples  of  food  upon  which  the  calcium  determinations  were 
made.1  For  details  as  to  experimental  procedure  see  the  first 
paper  of  this  series2  and  the  paper  which  contains  the  data  con- 
cerning the  influence  of  yeast  and  butter  fat  upon  calcium  assimi- 
lation.3 For  convenience  in  comparison,  however,  the  final  data 
on  calcium  balances  are  included  in  Tables  IV  and  V. 

1  These  analyses  were  done  at  the  Agricultural  Experiment  Station  of 
the  Kansas  State  Agricultural  College,  according  to  the  official  methods  of 
analysis  of  the  Association  of  Agricultural  Chemists.  The  same  methods 
were  used  in  the  analysis  of  the  excreta. 

1  Bogert,  L.  J.,  and  McKittrick,  E.  J.,  /.  Biol.  Chem.,  1922,  liv,  363. 

•  Bogert,  L.  J.,  and  Trail,  R.  K.,  /.  Biol.  Chem.,  1922,  liv,  387. 
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Table  II  shows  the  diet  of  the  subjects,  and  also  their  daib 
intake  of  magnesium  and  phosphorus,  during  Periods  I  and  III 
This  diet  was  planned  so  as  to  be  very  low  in  vitamines.  Tfc 
lean  beef  was  dissected  free  from  fat  and  the  vegetable  fat  use 
was  pure,  filtered  fat  separated  by  siphoning  from  commerci 
nut  margarine,  melted  at  40-45°C.     Dried  skimmed  milk  (Klin 

TABLE  I. 
Composition  of  Foods. 


Food. 

Magnfurium. 

Phosphorusa 

Beef 

per  cent 

0.028 
0.017 
0.030 
0.035 
0  044 

pw  oral 

0.214 

Skimmed  milk 

0.092 

Bread 

0.088 

Rice 

0.091 

Yeast 

0.285 

TABLE  II. 
Basal   Diets  for  Subjects. 


Food. 


Beef 

Skimmed  milk. 
Bread  (white). 

Rice 

Vegetable  fat. 

Sugar 

Starch 


Daily  intake. 


Subjects  I  and  J.* 


Amount. 


200 

250 

250 

100 

72 

75 

10 


Me 


gm. 

0.056 
0.042 
0.075 
0.035 


0.208 


gm. 

0.428 
0.230 
0.220 
0.091 


0.969 


Subjects  J  and  K.f 


Amount. 


gm. 

200 

200 

250 

100 

50 

50 

10 


Ms 


gm. 

0.056 
0.034 
0.075 
0.035 


0.200 


gm, 

0.4 
0. 
0. 
0 


*  This  diet  furnished  2,391  calories,  82  gm.  of  protein,  92  gm.  of 
0.395  gm.  of  calcium.    The  yeast  taken  in  Period  II  added  0.07 
magnesium  and  0.239  gm.  of  phosphorus,  as  well  as  3.9  gm.  of  pit 
0.023  gm.  *of  calcium.    During  Period  IV,  72  gm.  of  butter  fat  * 
stituted  for  the  vegetable  fat  in  the  basal  diet. 

t  This  diet  furnished  2,074  calories,  81  gm.  of  protein,  70  gm. 
0.341  gm.  of  calcium.    The  yeast  taken  in  Period  II  added  0. 
magnesium  and  0.239  gm.  of  phosphorus,  as  well  as  3.9  gm.  of  i 
0.023  gm.  of  calcium.    During  Period  IV,  50  gm.  of  butter  fa 
stituted  for  the  vegetable  fat  in  the  basal  diet. 
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was  used  and  its  vitamine  content  further  reduced  by  cooking  with 
rice  in  a  pressure  cooker.  During  Period  II,  six  cakes  of  com- 
pressed yeast  were  consumed  by  each  subject  daily,  in  addition 
to  the  basal  diet  shown  in  Table  II,  while  in  Period  IV,  an  equal 
weight  of  butter  fat,  similarly  purified,  was  substituted  for  the 
vegetable  fat  taken  during  the  other  three  periods. 

TABLE  III. 

Magnesium  and  Phosphorus  Excretion. 


Period. 

Magnesium. 

Phosphorus. 

Subject. 

nn 

Urine. 

Feces. 

To- 
tal. 

gm. 

Urine. 

Feces. 

• 

To- 
tal. 

gm. 

per 
cent 

gm. 

per 
cent 

gm. 

per 
cent 

gm. 

per 
cent 

gm. 

I 

I 

0.250 

27 

0.669 

73 

0.919 

1.940 

59 

1.332 

41 

3.272 

II 

0.215 

30 

0.508 

70 

0.723 

1.646 

51 

1.556 

49 

3.202 

III 

0.202 

28 

0  526 

72 

0.728 

1.884 

52 

1.701 

48 

3.585 

IV 

0.234 

36 

0.415 

64 

0.649 

2.035 

66 

1.034 

34 

3.069 

J 

I 

0.241 

35 

0.450 

65 

0.691 

1.945 

59 

1.356 

41 

3.301 

II 

0.221 

24 

0.706 

76 

0.927 

1.859 

47 

2.056 

53 

3.915 

III 

0.233 

33 

0.477 

67 

0.710 

2.082 

61 

1.339 

39 

3.421 

IV 

0.217 

35 

0.398 

65 

0.615 

2.138 

66 

1.093 

34 

3.231 

K 

I 

II 
III 

0.625 

60 

0.419 

40 

1.044 

2.219 

71 

0.875 

29 

3.094 

0.250 

29 

0.620 

71 

0.870 

2.453 

63 

1.464 

37 

3.917 

IV 

0.299 

41 

0.426 

59 

0.725 

2.681 

75 

0.896 

25 

3.577 

L 

I 

0.220 

42 

0.300 

58 

0.520 

1.586 

67 

0.766 

33 

2.352 

II 

0.194 

31 

0.429 

69 

0.623 

1.905 

63 

1.104 

37 

3.009 

III 

0.275 

26 

0.802 

74 

1.077 

1.670 

49 

1.758 

51 

3.428 

IV 

0.217 

32 

0.463 

68 

0.680 

2.245 

70 

0.957 

30 

3.202 

The  amounts  of  magnesium  and  phosphorus  excreted  by  the 
different  subjects  during  the  four  4  day  periods  are  recorded  in 
Table  III.  The  urinary  magnesium  was  very  constant,  in  prac- 
tically every  instance  falling  between  0.050  and  0.075  gm.  per  day. 
The  urinary  phosphorus  ranged  from  0.396  to  0.670  gm.  per  day. 
The  phosphorus  excretion  shows  greater  variations,  not  only  in  the 
actual  amounts  excreted  in  the  urine  but  also  in  the  distribution 
of  the  total  output  between  the  urine  and  the  feces,  than  are  found 
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in  either  the  magnesium  or  calcium  excretion.  It  should  be  noted, 
however,  that  the  larger  amounts  of  phosphorus  metabolized 
render  these  fluctuations  proportionally  less  important. 

The  average  percentage  of  the  magnesium  output  excreted  by 
way  of  the  urine  was  34  per  cent  (range  24  to  60  per  cent).  It  is 
interesting  to  observe  that  the  urinary  magnesium  formed  about 
the  same  proportion  of  the  total  output  in  these  four  subjects  as 
did  the  urinary  calcium,8  which  averaged  37  per  cent  (range  24  to 
54  per  cent)  of  the  total  calcium  excretion.  On  the  other  hand, 
a  much  larger  relative  amount  of  the  phosphorus  excreted  was 
found  in  the  mine  (average  61  per  cent,  range  47  to  75  per  cent). 

Urinary  calcium  was  decidedly  greater  than  urinary  magnesium. 
The  ratio  tended  to  be  fairly  constant  for  each  subject,  usually 
falling  between  1:2  and  1:3.  In  only  one  case  was  urinary 
magnesium  greater  than  calcium  (Subject  K,  Period  I),  and  in 
this  instance  the  ratio  was  practically  1:1.  In  every  case  the 
fecal  magnesium  and  total  magnesium  excretion  were  much  less 
than  the  corresponding  figures  for  calcium,  the  ratio  being  quite 
consistently  about  1:2  to  1:2.5. 

There  seems  to  have  been  no  noticeable  or  consistent  effect 
produced  upon  the  urinary  magnesium  or  phosphorus  by  the 
yeast  added  to  the  diet  in  Period  II,  and  the  urinary  magnesium 
also  seems  to  have  been  unaffected  by  the  substitution  of  butter 
fat  for  vegetable  fat  in  the  diet  during  Period  IV.  The  urinary 
phosphorus,  however,  was  increased  in  every  case  in  Period  IV, 
when  a  decrease  in  fecal  phosphorus  also  occurred.  This  increase 
in  the  percentage  of  the  phosphorus  output  excreted  by  way  of 
the  urine  might  be  interpreted  as  indicative  of  an  improved 
absorption  of  phosphorus  from  the  intestine  during  Period  IV, 
when  butter  fat  was  taken. 

Both  the  fecal  excretion  and  the  total  excretion  of  magnesium 
and  phosphorus  were  increased  in  two  subjects  during  Period  II, 
which  may  be  attributed  chiefly  to  the  appreciable  amounts  of 
these  elements,  especially  phosphorus,  contained  in  the  yeast 
added  to  the  diet.  However,  a  tendency  to  excrete  a  smaller 
proportion  of  the  intake,  which  was  noted  in  the  case  of  the 
calcium  metabolism,  is  again  apparent,  so  that  the  net  result  is  an 
improved  balance  in  every  case  but  one  (Subject  J,  magnesium 
balance).    In  the  third  subject  (Subject  I),  the  tendency  toward 
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lowered  excretion  more  than  compensated  for  the  increased  intake 
of  magnesium  and  phosphorus  during  Period  II,  with  a  resulting 
diminution  in  both  the  fecal  and  the  total  excretion  of  these  ele- 
ments. It  is  regrettable  that  it  was  impossible  to  follow  the 
magnesium  and  phosphorus  metabolism  of  Subject  K  during 
Period  II,  since  all  of  the  feces  from  this  period  had  been  used  in 
making  the  calcium  determinations.  However,  since  this  subject 
showed  the  typical  decrease  in  excretion  and  favorable  influence 
upon  the  balances  of  all  three  of  these  elements  in  Period  IV,  and 
since  the  magnesium  and  phosphorus  metabolism  were  closely 
parallel  to  that  of  the  calcium  throughout  the  other  three  periods, 
it  is  probable  that  the  phosphorus  and  magnesium  balances  would 
have  shown  the  same  improvement  exhibited  by  the  calcium 
balance  for  this  subject  in  Period  II. 

Alterations  in  the  fecal  excretion  and  total  excretion  of  magne- 
sium and  phosphorus  were  more  apparent  and  more  uniform 
during  Period  IV.  The  inorganic  intake  was  not  affected  by  the 
substitution  of  butter  fat  for  the  vegetable  fat.  In  all  four  of  the 
subjects  studied,  both  the  magnesium  and  phosphorus  excreted 
in  the  feces  and  the  total  output  of  these  elements  were  distinctly 
lowered  during  Period  IV. 

The  effects  of  the  changes  in  the  diet  in  Periods  II  and  IV  are 
best  seen,  however,  by  inspection  of  the  magnesium  and  phos- 
phorus balances.  These  effects  are  not  only  of  sufficient  magni- 
tude and  uniformity  as  to  be  unmistakable,  but  they  are  exactly 
parallel  to  the  effects  upon  the  calcium  balances  of  these  subjects 
observed  earlier.  The  intake,  output,  and  balances,  for  the 
various  periods  are  recorded  in  Table  IV,  while  the  average 
daily  balances  are  shown  in  Table  V.  The  corresponding  figures 
for  calcium  metabolism  are  included  for  comparison.  During 
Periods  II  and  IV,  there  was  an  improvement  in  the  balances  of 
both  magnesium  and  phosphorus  over  those  of  the  preceding 
periods  in  every  case  but  one.  This  usually  took  the  form  of 
increased  positive  balances.  The  phosphorus  balances  were  all 
positive  except  that  of  Subject  K,  Period  III.  The  magnesium 
balances  were  negative  in  only  four  instances  (Period  I,  Subjects  I 
andK;  Period  III,  Subjects  K  and  L).  Whenever  negative  balances 
occurred,  the  subjects  were  on  the  basal  diet,  and  these  negative 
balances  were  converted  to  positive  ones  upon  the  addition  of 
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yeast  or  butter  fat  to  the  diet  in  the  experimental  periods.  The 
calcium  balances  were  all  negative  on  the  basal  diet  and  the 
improvement  noted  upon  the  introduction  of  yeast  or  butter 
fat  into  the  diet  usually  consisted  in  a  distinct  lowering  of  negative 
balances,  but  in  three  cases  the  influence  was  sufficient  to  throw 
the  subject  into  positive  calcium  equilibrium.  The  prompt 
return  of  each  of  the  subjects  to  the  less  favorable  balances  of 

TABLE  IV. 
Calcium,  Magnesium,  and  Phosphorus  Balances  by  Periods. 


a . .  t. !  _  _.* 

■D-.    •— .-1 

Calcium. 

Magnesium. 

Fhoephorui. 

Subject. 

.renod. 

In- 
take. 

gm. 

Out- 
put. 

gm. 

Balance. 

In- 
take. 

gm. 

Out- 
put. 

On. 

Balance. 

In- 
take. 

gm. 

Out- 
put. 

gm. 

Balance. 

gm. 

gm. 

gm. 

I 

I 

1.580 

2.059 

-0.479 

0.832 

0.919 

-0.087 

3.876 

3.272 

+0.604 

II 

1.672 

1.707 

-0.035 

0.980 

D723 

+0.257 

4.832 

3.202 

+  1.630 

III 

1.580 

1.806 

-0.226 

0.832 

0.728 

+0.104 

3.876 

3.585 

+0.291 

IV 

1.580 

1.584 

-0.004 

0.832 

0.649 

+0.183 

3.876 

3.069 

+0.807 

J 

I 

1.580 

1.719 

-0.139 

0.832 

0.691 

+0.141 

3.876 

3.301 

+0.575 

II 

1.672 

1.784 

-0.112 

0.980 

0.927 

+0.053 

4.832 

3.915 

+0.917 

III 

1.580 

1.662 

-0.082 

0.832 

0.710 

+0.122 

3.876 

3.421 

+0.455 

IV 

1.580 

1.515 

+0.065 

0.832 

0.615 

+0.217 

3.876 

3.231 

+0.645 

K 

I 
II 

1.364 
1.460 

1.588 
1.295 

-0.224 
+0.165 

0.800 

1.044 

-0.244 

3.692 

3.094 

+0.598 

III 

1.364 

1.822 

-0.458 

0.800 

0.870 

-0.070 

3.692 

3  917 

-0.225 

IV 

1.364 

1.605 

-0.241 

0.800 

0.725 

+0.075 

3.692 

3.577 

+0.115 

L 

I 

1.364 

1.415 

-0.051 

0.800 

0.520 

+0.280 

3.692 

2.352 

+1.340 

II 

1.460 

1.383 

+0.077 

0.948 

0.623 

+0.325 

4.648 

3.009 

+1.639 

III 

1.364 

1.700 

-0.336 

0.800 

1.077 

-0.277 

3.692 

3.428 

+0.264 

IV 

1.364 

1.415 

-0.051 

0.800 

0.680 

+0.120 

3.692 

3.202 

+0.490 

all  three  elements  in  Period  III  is  also  noteworthy.  The  only 
instance  where  the  balance  was  not  favorably  influenced  by  the 
addition  of  yeast  or  butter  fat  is  in  Period  II,  Subject  J,  where 
neither  the  magnesium  nor  calcium  balances  responded  favorably, 
although  the  phosphorus  balance  was  increased  as  in  the  other 
subjects. 

The  parallel  course  of  the  calcium,  magnesium,  and  phosphorus 
metabolism,  as  well  as  the  favorable  influence  exerted  upon  the 


L.  J.  Bogert  and  R.  K.  Trail 


759 


3 


>"   5 


3 


Ob 

8 

M 
Oh 


I 


S 

•s 

3 


w 


_< 

j 


* 


i 

► 

< 


tt 


I 


J      »H    CO    ©    »H 


o  o  o  o 

+  +  +  + 


•  •  •  • 

o  o  o  o 

+  +  +  + 


9 


4- 


o  o 

I  4- 


i 


»-*    CN    »H    »H 

•  •  •  • 

o  o  o  o 
4-4-4-  + 


H   S  CO 
ICON 

-•    i-i  ^  o 


•  • 


o  o  o  o  o 
4-4-4-4- 


o  o  o  o 
4-4-  I  4- 


I 


O  *h  o> 

.•  S88 


o  o  o  o 
4-4-  I  4- 


•2        t*-  O 
ep         i— i  i-h 

©         O  O 


I 


o  o 
I  4- 


•        •        •        • 

o  o  o  o 
4-4-4-4- 


oo6d 

•         ■         ■         • 

o  o  o  o 
I  4-4-4- 


14-11 


CO 


CO 


o  o  o  o 
14-11 


OHlQfi 

3338 

•       •      •       • 
D  O  O  O 

14-11 


i 


§QQ    i-H  CO 

<N   £1  i-i 

©  ©  © 

•              •               •  • 

o  e  o  o 

111  + 


8 


8 


o  o  o  o 

I   I   I   I 


H    M    ^ 


760        Studies  in  Inorganic  Metabolism.     IV 

balance  of  each  of  these  elements  during  Periods  II  and  IV,  may 
be  seen  readily  from  the  curves  shown  in  Chart  1,  in  which  the 
average  daily  balances  of  all  three  elements  throughout  the  four 
periods  have  been  plotted.  The  outstanding  feature  of  this  figure 
is  the  rise  of  the  curves  for  all  three  elements  during  Periods  II 
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Chart  1.    Average  daily  balances  of  phosphorus,  magnesium,  and  cal- 
cium of  all  subjects. 

and  IV,  thus  indicating  increased  retention  or  diminished  excretion 
of  each  of  these  elements  when  yeast  or  butter  fat  was  introduced 
into  the  diet.  The  favorable  influence  of  the  yeast  seems  to  have 
been  somewhat  greater  than  that  of  the  butter  fat.  The  fall  in 
the  curves  of  all  three  elements  in  Period  III  is  also  worthy  of 
note. 
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While  it  is  most  interesting  to  observe  that  the  influences, 
which  favored  calcium  retention  upon  the  introduction  of  yeast  or 
butter  fat  into  the  diet,  exerted  a  similar  influence  upon  magne- 
sium and  phosphorus  metabolism,  we  do  not  feel  justified  in  con- 
cluding that  these  effects  are  necessarily  due  to  the  vitamines 
added  to  the  diet,  as  other  factors  may  possibly  be  operative. 

CONCLUSIONS. 

1.  The  magnesium  and  phosphorus  balances  in  two  normal 
women  were  favorably  influenced  by  the  addition  of  yeast  to  a  diet 
of  white  bread,  rice,  lean  beef,  skimmed  milk  powder,  purified  nut 
margarine,  sugar,  and  starch.  The  calcium  balances,  determined 
over  the  same  period  on  the  same  subjects  and  previously  reported, 
were  similarly  affected.  A  third  subject  failed  to  show  improve- 
ment of  calcium  or  magnesium  balances  upon  the  addition  of 
yeast  to  the  diet  although  the  retention  of  phosphorus  was 
favored  under  these  circumstances. 

2.  The  substitution  of  an  equal  weight  of  purified  butter  fat  for 
the  vegetable  fat  in  the  basal  diet  led  to  diminished  fecal  and  total 
excretion  of  magnesium  and  phosphorus  on  a  constant  intake, 
with  a  favorable  influence  upon  the  balances  of  these  elements  in 
all  four  subjects  studied.  In  every  case  the  calcium  balances 
showed  a  simultaneous  improvement,  the  metabolism  of  these 
three  elements  being  closely  parallel  throughout  the  experiment. 

3.  Although  the  above  facts  strongly  suggest  some  relationship 
between  the  vitamine  content  of  the  diet  and  the  assimilation  of 
calcium,  magnesium,  and  phosphorus,  the  effects  produced  by  the 
yeast  and  butter  fat  may  be  due  to  factors  other  than  their 
vitamine  content. 
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VITAMIN  A  CONTENT  OF  LARD  OBTAINED  FROM 
HOGS  ON  A  CONTROL  RATION. 

By  MARGUERITE  G.  MALLON  and  MARJORIE  CLARK. 

(From  the  Laboratory  of  Food  Chemistry,  Department  of  Home  Economics, 

Purdue  University,  Lafayette.) 

(Received  for  publication,  October  19,  1922.) 

There  has  been  much  discussion  both  by  American  and  English 
investigators  concerning  the  vitamin  A  content  of  lard.  The 
problems  concerned  have  been  whether  or  not  the  deficiency  of 
this  factor,  if  there  is  a  deficiency,  is  due  to  the  lack  of  its  presence  in 
the  original  fat  or  to  destruction  of  this  vitamin  in  the  commercial 
process  of  manufacture  of  lard.  The  latter  includes  the  problem 
of  the  effect  of  heat  and  oxidation  on  vitamin  A. 

EXPERIMENTAL  WORK. 

The  object  of  the  experiment  was  to  test  the  activity  of  lard 
prepared  from  hogs  whose  diet  was  known. 

Two  hogs  were  secured  from  the  Animal  Husbandry  Depart- 
ment of  the  Purdue  Experiment  Station  whose  diet  was  known. 
From  July  2  to  September  26,  1921  these  two  hogs  were  fed  on  a 
full  allowance  of  shelled  yellow  corn  and  clover  pasture.  From 
September  26  to  December  12,  the  time  they  were  killed,  they  were 
fed  a  full  feed  of  yellow  corn  in  a  dry  lot.  These  animals  were 
unusually  healthy. 

In  1920  Osborne  and  Mendel  (1)  and  Steenbock  and  Gross 
(2)  demonstrated  the  presence  of  vitamin  A  in  clover.  The 
presence  of  this  vitamin  in  yellow  corn  has  been  demonstrated  by 
Steenbock  and  Boutwell  in  1920  (3). 

The  fat  from  these  hogs  was  rendered  in  our  laboratory.  The 
lard  which  was  used  was  prepared  from  the  leaves  and  back  fat. 
The  fat  was  cut  in  small  pieces  and  finely  divided  by  putting  it 
through  a  food  chopper.  It  was  then  filtered  through  filter  paper 
above  the  melting  point  of  the  lard,  kept  in  an  electric  oven  (4). 
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This  was  done  in  order  to  obtain  all  the  glycerides  of  the  hog  fat, 
and  to  eliminate  the  factors  of  high  temperature  and  stirring. 
This  filtered  fat  or  lard  of  both  leaves  and  back  fat  was  mixed 
and  kept  for  3  months  up  to  and  during  the  period  of  the  experi- 
ment in  the  cold  storage  room  of  the  Dairy  Department. 


Experiment*!  diet.* 


per  cent 

Lard 30 

Corn-starch £8 

Casein 18 

Salt  mixture 4 


Control  diet.* 


per  cent 

Lard 25 

Butter  fat 5 

Corn-starch 48 

Casein 18 

Salt  mixture 4 


*  In  each  diet  0.6  gm.  yeast  was  fed  separately,  daily. 

The  corn-starch  used  was  "Argo."1  This  was  boiled  in  a 
reflux  condenser  three  successive  times,  1  hour  each  time,  with 
equal  parts  of  95  per  cent  alcohol2  and  commercial  anhydrous 
ether.8  It  was  then  washed  and  dried  in  an  electric  oven  at  100°C. 
This  was  done  to  remove  any  vitamin  A  which  might  be  present. 

The  casein,  "from  milk,  washed"8  was  prepared  in  the  same 
way. 

The  salt  mixture  used  was  the  one  used  by  Osborne  and 
Mendel  (5). 

Fleischmann's  compressed  yeast  was  used  as  a  source  of  vitamin 
B.  It  was  dried  at  110°C.  over  night,  pulverized,  and  then 
treated  for  removal  of  vitamin  A. 

The  butter  fat  used  for  the  control  rats  was  prepared  by  the 
usual  method. 

A  careful  record  of  the  gram  weight  of  the  food  eaten  each  day 
by  each  animal  was  taken.  On  account  of  the  pasty  consistency 
there  was  no  scattering.  The  yeast,  food,  and  distilled  water 
were  kept  in  separate  containers. 

The  initial  weight  for  both  groups  averaged  50  gm.  The 
animals  were  weighed  twice  a  week  and  the  weights  recorded. 
Each  rat  was  kept  in  a  separate  cage. 

1  Corn  Products  Company. 

1  U.  S.  Industrial  Alcohol  Company. 

s  Eimer  and  Amend. 
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Two  groups  of  animals  were  fed,  four  in  the  control  group  and 
four  in  the  experimental  group.  In  each  group  were  animals  of 
both  sexes.  The  experimental  animals  and  the  control  animals 
were  kept  side  by  side  in  a  well  lighted  and  well  ventilated  room. 

DISCUSSION. 

The  percentage  of  fat  fed  in  the  experimental  diet  was  large,  30 
per  cent.  The  rats  on  the  experimental  diet  and  on  the  control 
diet  ate  practically  the  same  amount  of  food  each  day  for  2  months. 

At  the  end  of  2  months  the  experimental  and  control  animals 
had  attained  practically  the  same  weight,  the  average  being  153 
gm.  The  animals  were  in  a  healthy  condition;  the  eyes  bright  and 
clear;  and  the  hair  was  smooth  apd  glossy. 

Suddenly,  2  days  after  the  above  observation  the  four  experi- 
mental animals  on  the  entire  lard  diet  began  to  show  inflammation 
of  the  eyes  which  developed  into  xerophthalmia.  There  was  a 
decline  in  food  intake  and  weight  after  the  eye  disease  started. 
Two  of  the  experimental  animals  died.  After  the  xerophthalmia 
had  fully  developed,  the  other  two  animals  of  the  experimental 
group  were  given  0.5  gm.  of  butter  fat  daily  for  3  days  and  the 
eyes  cleared  up  and  became  somewhat  beaded. 

The  control  animals  did  not  develop  xerophthalmia  and  main- 
tained their  healthy  condition.  The  stock  animals,  i.e.  the  parent 
animals  of  both  the  experimental  and  control  groups,  were  fed  a 
ration  which  contained  yellow  corn-meal,  oil  meal,  crude  casein, 
alfalfa  meal,  NaCl,  and  CaC03  (Steenbock).  And  from  time  of 
impregnation  the  mother  rats  were  given  milk  ad  libitum.  The 
good  condition  of  the  experimental  animals  for  2  months  seems  to 
indicate  that  the  animals  had  stored  in  their  bodies  (6)  from  the 
mother's  milk  a  sufficient  amount  of  vitamin  A  for  growth  for  some 
time,  but  the  quantitative  supply  was  not  sufficient  to  prevent 
susceptibility  to  xerophthalmia. 

CONCLUSION. 

The  result  of  this  experiment  seems  to  indicate  that  lard,  made 
from  leaves  and  back  fat  of  hogs  whose  diet  contained  vitamin  A, 
does  not  contain  an  adequate  supply  of  this  vitamin  to  prevent 
xerophthalmia  even  when  fed  in  large  amounts. 
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A  COMPARISON  OF  THE  DU  BOIS  AND  THE  HARRIS  AND 
BENEDICT  NORMAL  STANDARDS  FOR  THE  ESTI- 
MATION OF  THE  BASAL  METABOLIC  RATE. 

By  WALTER  M.  BOOTHBY  and  IRENE  SANDIFORD. 

(From  the  Section  on  Clinical  Metabolism,  Division  of  Medicine,  Mayo 
Clinic  and  Mayo  Foundation,  University  of  Minnesota,  Rochester.) 

(Received  for  publication,  October  21, 1922.) 

One  of  the  most  important  contributions  to  the  science  of 
medicine  within  recent  years  was  the  establishment  by  Lusk  and 
Du  Bois  and  their  associates  of  a  normal  standard  of  heat  produc- 
tion of  sufficient  accuracy  to  allow  the  general  introduction  of 
indirect  calorimetry  into  clinical  medicine.1  The  historical 
details,  which  need  not  be  repeated  here,  of  the  development  of 
Rubner's  law  of  body  surface  into  an  accurate  standard  for  the 
determination  of  the  basal  metabolic  rate  have  been  extensively 
covered  in  the  various  articles  of  Lusk  and  Du  Bois  and  of  Harris 
and  Benedict;  the  former  emphasize  its  consistencies  and  general 
applicability  and  the  latter  emphasize  the  point  "that  the  metab- 
olism or  heat  output  of  the  human  body  even  at  rest  does  not 
depend  on  Newton's  law  of  cooling  and,  therefore,  is  not  propor- 
tional to  the  body  surface."  Murlin  has  recently  demonstrated 
some  of  the  fallacies  in  the  position  maintained  by  Benedict 
and  his  associates  both  by  mathematical  and  by  teleological 
arguments. 

Because  of  their  reluctance  to  accept  the  body  surface  law  as 
a  basis  for  the  establishment  of  normal  standards  for  heat  produc- 
tion Harris  and  Benedict,  in  an  exhaustive  mathematical  con- 
sideration of  the  subject,  developed  a  series  of  biometric  correla- 
tion formulas,  based  on  stature,  body  weight,  sex,  and  age  (the 
same  factors  as  used  by  Du  Bois)  by  which  "results  as  good  as, 
or  better  than,  those  obtainable  from  the  constant  of  basal  metab- 

1  For  bibliography  on  this  subject  see  the  following  paper  (Boothby, 
W.  M.,  and  Sandiford,  I.,  J.  Biol.  Chem.,  1922,  liv,  783) . 
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olism  per  square  meter  of  body  surface  can  be  obtained  by  bio- 
metric  formulas  involving  no  assumption  concerning  derivation 
of  surface  area  but  based  on  direct  physical  measurements." 
Shortly  after  the  appearance  of  the  Harris  and  Benedict  standards 
we  tabulated  404  determinations  of  the  basal  metabolic  rate 

* 

expressed  in  percentages  above  and  below  normal,  using  both  the 
standards  of  Du  Bois  and  of  Harris  and  Benedict.  The  average 
rates  of  all  the  cases  show  that  those  obtained  by  the  Harris  and 
Benedict  method  are  6.5  points  higher  than  the  rates  obtained 
by  the  Du  Bois  method.  The  striking  parallelism  between  the 
results  obtained  by  the  two  methods  is  shown  in  Table  I  in  which 
it  is  seen  that  195  of  the  404  determinations  are  within  ±  2.5  of 

TABLE  I. 

Comparison  of  Metabolic  Rates  Obtained  by  the  Harris  and  Benedict 
Method  with  Those  Obtained  by  the  Du  Bois  Method. 


Difference  between  the  Harris  and  Benedict 
rates  from  Du  Bois'  rates  as  standard. 

No.  of  determinations  for  each  range. 

-10  to  -  6 

3 

-  5  to  -  1 

20 

0  to  +  3 

88 

+  4  to  +  9 

195* 

+10  to  +14 

69 

+15  to  +19 

24 

+20  to  +25 

5 

Average  of  404  determinations  +6.5 


*  Within  =*=  2.5  of  the  average  deviation. 

the  average  variation.  Because  of  the  demonstrated  agreement 
between  the  two  methods  in  such  a  large  proportion  of  subjects 
we  concluded  that  there  was  a  fundamental  similarity  between 
the  two  methods,  but  reserved  our  final  opinion  until  after  an 
analysis  of  the  discrepancies. 

Means  and  Woodwell  have  recently  made  a  similar,  but  some- 
what more  extensive  analysis  and  have  likewise  shown  that  the 
Harris  and  Benedict  standards  give  basal  metabolic  rates  on  an 
average  6  per  cent  higher  than  the  Du  Bois  standards.  They 
point  out  that  these  differences  might  be  abolished  by  an  empirical 
reduction  in  the  Du  Bois  standards,  but  refrain  from  doing  so  and 
recommend  that  the  use  of  the  Du  Bois  method  be  continued, 
unchanged. 
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Unfortunately,  and  without  the  authorization  or  knowledge  of 
Du  Bois,  Sanborn,  in  his  compilation  of  "basal  metabolism"  has 
presented  a  table  containing  the  Du  Bois  normal  standards  with 
1.8  calories  arbitrarily  deducted.  Although  it  is  possible  that 
in  the  future  the  present  Du  Bois  standards  may  be  modified,  yet 
in  order  to  avoid  confusion  it  is  highly  desirable  that  they  be 
altered  as  infrequently  as  possible. 

As  we  have  pointed  out  an  analysis  of  the  Du  Bois  and  of  the 
Harris  and  Benedict  standards  by  Boothby  and  Sandiford  and  by 
Means  and  Woodwell  showed  for  the  majority  of  determinations  a 
remarkable  parallelism  between  the  two  methods;  however,  in  our 
series  materially  discordant  results  were  obtained  in  approxi- 
mately one-fifth  of  the  subjects.  The  present  paper  is  a  more 
extended  analysis  of  the  two  standards  with  an  attempt  to  learn 
the  cause  of  these  larger  discrepancies. 

Harris  and  Benedict  claim  that  their  standards  are  in  no  way 
based  on  Rubner's  law  of  surface  area.  While  this  is  true  as  far 
as  the  original  construction  of  their  formulas  is  concerned,  yet  the 
startling  fact  remains,  as  the  curves  in  Chart  1  of  Du  Bois'  paper 
on  the  basal  metabolism  in  fever  indicate,  that  the  surface  area 
can  be  calculated  within  certain  range  by  their  formulas  with 
practically  the  same  accuracy  as  by  the  formulas  of  Du  Bois  and 
Du  Bois.  The  basal  heat  production  for  males  as  predicted  by 
Harris  and  Benedict  is 

h  =  66.4730  +  13.7516u;  +  5.0033*  -  6.7550a  (1) 

where  h  —  basal  heat  production  for  24  hours,  w  =*  weight  in  kilos,  8  — 
height  in  centimeters,  and  a  =  age  in  years.  This  formula  can  be  trans- 
posed into  one  which  will  predict  surface  area  by  substituting  constants  as 
follows: 

e  .        66.4730  +  13.7516M7  +  5.0033*  -  Ki  /ON 

6.A. j^ (2) 

where  Ki  =  141.86  which  is  6.7550  (the  Harris  and  Benedict  age  factor  for 
males)  X  21  years  and  Kt  =  948  which  is  Du  Bois'  normal  calories  per  hour 
for  each  square  meter  for  males  21  years  old  multiplied  by  24  hours  (39.5 
X  24),  and  S.A.  =  surface  area  in  square  meters.  This  formula  can  be 
simplified  by  factoring  and  dropping  insignificant  figures  to 

„  .        2.75w  +  s  -  15.1 

SA'- 190 (3) 
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Chart  1.  Surface  areas  for  increasing  weights  at  constant  heights. 
Curves  A,  B,  and  D  represent  the  surface  area  at  a  constant  height  of  151 
cm.  plotted  for  increasing  weights;  Curves  C,  E,  and  F  are  similar  for  a 
constant  height  of  200  cm.  Curves  A  and  £  are  the  surface  areas  calculated 
by  the  Du  Bois  height-weight  formula  and  are  the  same  for  men  and  women 
(S.  A.  -  0.007184  X  it  '■«  X  i  •■'"J-     Curves  D  and  F  are  the  surface 

areas  calculated  by  the  formula  (  S.A.  =  - — '-  I  derived  from 

the  Harris  and  Benedict  heat  prediction  formula  for  men.    Curves  B  and  C 

are  the  surface  areas  calculated  by  the  formula  I  S.A.  =  — 1, 

derived  from  the  Harris  and  Benedict  heat  prediction  formula  for  women. 
Similar  curves  plotted  for  intermediate  heights  are  not  indicated  because 
it  is  evident  that  they  would  show  correspondingly  smaller  variations  in 
the  surface  area  as  calculated  by  the  three  formulas. 
770 
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Similarly  for  females: 

h  =  655.0955  +  9.5634w  +  1.8496s  -  4.6756a  (4) 

and  by  substitution  of  constants 

0  .        655.0955  +  9.5634w  +  1.8496s  -  K*  /K, 

S^A .  = ^ (5) 

where  Kt  =  98.19  which  is  4.6756  (the  Harris  and  Benedict  age  factor  for 
females)  X  21  years  and  K*  =  888  which  is  37.0  calories  per  square  meter 
(the  Du  Bois  standard  for  females  21  years  old)  X  24  hours.  By  factoring 
and  dropping  insignificant  figures  this  formula  may  be  simplified  to : 

e  A        5.17w  +  g  +  301 

S'A'  =  480 (6) 

Formulas  3  and  6  are  comparable  to  the  height-weight  formula 
for  surface  area  of  Du  Bois  and  Du  Bois. 

S.A .  -  0.007184  X  u>om  X  s°-7M  (7) 

In  order  to  test  the  accuracy  of  these  formulas  we  have  utilized 
the  group  of  subjects  studied  by  Benedict  in  the  development  of 
his  photographic  method  and  also  the  group  whose  surface  areas 
were  accurately  measured  by  means  of  molds  by  Du  Bois.  In 
Table  II  are  assembled  the  surface  areas  for  these  subjects  cal- 
culated by  (1)  the  formulas  derived  from  the  Harris  and  Benedict 
formulas  for  the  prediction  of  total  calories  in  men  and  women 
(Formulas  3  and  6);  (2)  the  Du  Bois  linear  formula;  (3)  the  Du 
Bois  height-weight  formula;  (4)  Benedict's  photographic  method; 
and  (5)  the  actual  measurement  by  molds.  An  examination  of 
Table  II  shows  such  slight  differences  in  normal  adults  between 
the  surface  areas  as  calculated  by  the  various  methods  that  it  is 
doubtful  as  to  which  formula  is  the  most  accurate.  The  prac- 
tical conclusion  which  is  revealed  in  Table  II  is  that  the  surface 
area  formulas  derived  from  the  Harris  and  Benedict  correlation 
formulas  for  the  prediction  of  basal  heat  production  are  possibly 
nearly  as  good  for  the  estimation  of  the  surface  area  within  the 
average  ranges  of  adult  height  and  weight  as  is  the  Du  Bois 
height-weight  formula.  The  surface  area  for  infants,  however, 
cannot  be  predicted  by  the  derived  Harris  and  Benedict  formula 
for  females,  as  illustrated  by  Anna  M.;  also  it  cannot  be  extended 
to  short  subjects  like  Benny  L.  There  also  is  a  considerable 
discrepancy  in  Subject  19  who  is  likewise  rather  short. 
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The  following  statement  of  Benedict  concerning  the  surface 
areas  obtained  by  the  photographic  and  by  the  Du  Bois  linear 
methods  appears  to  us  fully  as  applicable  to  a  comparison  between 
the  surface  areas  obtained  by  the  Du  Bois  height-weight  formula 
and  those  calculated  for  normal  adults  by  the  formulas  derived 
from  the  Harris  and  Benedict  correlation  formulas:  "Comparisons 
between  the  photographed  areas  and  the  body  surface  as  computed 
from  the  Du  Bois  linear  formula  show,  even  with  the  most 
diverse  configurations  of  body,  a  constancy  rarely  observed 
in  anatomical  measurements  or  in  computed  ratios  based  upon 
such  measurements." 

A  comparison  similar  to  that  for  subjects  shown  in  Table  II  may 
be  made  of  the  surface  areas  calculated  by  the  Du  Bois  height- 
weight  formula  and  by  the  formulas  derived  from  Harris  and 
Benedict's  heat  prediction  formulas  throughout  the  entire  range 
of  Harris  and  Benedict's  tables.  In  Chart  1  are  plotted  curves 
for  surface  areas  as  calculated  by  the  two  methods  for  the  extreme 
heights  of  151  and  200  cm.  between  the  ranges  of  25  and  124 
kilos  for  men  and  women.  In  Chart  2  are  plotted  the  percentage 
variations  of  the  Benedict  curves  from  the  Du  Bois  curves  shown 
in  Chart  1.  From  these  curves  it  is  evident  that  the  greatest 
possible  discrepancy  between  the  two  methods  amounts  to  19 
per  cent  if  restricted  to  the  limits  given  in  the  Harris  and  Benedict 
tables,  and  occurs  in  men  who  are  very  fat  and  extremely  short 
for  their  weight.  Near  this  extreme  range,  however,  there  is 
a  discrepancy  of  — 11  per  cent  between  the  area  calculated  by  the 
Du  Bois  height-weight  formula  from  that  by  the  Du  Bois  linear, 
while  there  is  only  a  +7  per  cent  discrepancy  between  the  area 
calculated  by  the  Benedict  formula  for  males  from  that  by  the 
Du  Bois  linear  as  illustrated  by  Subject  1  in  Table  II.  If  it  is 
assumed  that  the  linear  formula  and  the  photographic  method 
are  the  most  accurate  methods,  then  the  surface  area  obtained 
from  Harris  and  Benedict's  formula  for  men  may,  at  these  extreme 
ranges,  predict  the  surface  area  with  nearly  the  same  accuracy 
as  the  Du  Bois  height-weight  formula.  Harris  and  Benedict, 
however,  warn  against  the  application  of  their  formulas  beyond 
the  ranges  given  in  their  table,  thus  creating  the  suspicion  that 
likewise  the  extreme  ranges  utilized  are  also  open  to  question. 
The  direction  and  position  of  their  curves  for  women  in  relation 
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Chart  2.  Percentage  variation  of  the  surface  areas  as  calculated  by 
the  derived  Harris  and  Benedict  formulas  from  that  calculated  by  the 
Du  Bois  height-weight  formula.  Curves  A  and  B  represent  the  percentage 
variation  of  the  surface  area  as  calculated  by  the  Harris  and  Benedict 
formulas  for  men  from  that  calculated  by  the  Du  Bois  formula  as  shown 
in  Chart  1.  Curve  A  is  for  a  constant  height  of  200  cm.  and  Curve  B  is 
for  a  constant  height  of  151  cm.  Similarly  for  women,  Curve  D  represents 
the  percentage  variation  of  Curve  B  from  Curve  A  of  Chart  1  (height  151 
cm.)  and  Curve  C  the  percentage  variation  of  Curve  C  from  Curve  E  of 
Chart  1  (height  200  cm.).  These  curves  illustrate  the  extreme  limits  of 
the  percentage  variation  of  the  surface  area  as  calculated  by  the  formulas 
derived  from  the  Harris  and  Benedict  heat  prediction  formulas  (for  any 
height  or  weight  included  in  their  tables)  from  the  surface  area  as  calculated 
by  the  height-weight  formula  of  Du  Bois  and  Du  Bois. 
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to  their  curves  for  men  indicate  why  prolongation,  especially  of 
the  formula  for  women,  leads  to  improbable  values  for  the  surface 
area.  It  seems  likely  that  that  formula  is  best  within  limits 
which  also  allows  with  equal  accuracy  an  extension  beyond  those 
limits.  Chart  1  also  reveals  the  peculiar  fact  that  according  to 
Harris  and  Benedict  the  value  of  the  height-weight  factor  is  for 
a  woman  151  cm.  in  height  and  25  kilos  in  weight,  9  per  cent  larger, 
while  for  a  woman  200  cm.  in  height  and  25  kilos  in  weight  this  is 
2  per  cent  smaller  than  for  a  man  of  similar  size;  likewise 
for  a  woman  151  cm.  in  height  and  124  kilos  in  weight,  this 
height-weight  factor  is  9  per  cent  smaller,  and  for  a  woman  of  200 
cm.  and  124  kilos  in  weight  it  is  17  per  cent  smaller  than  for  a  man 
of  similar  size.  Harris  and  Benedict  have  as  yet  offered  neither 
a  reasonable  explanation,  nor  sufficient  experimental  proof,  to 
justify  the  embodiment  of  such  a  peculiar  variation  of  the  effect 
of  height-wTeight  on  the  heat  production  between  men  and  women 
as  to  incorporate  the  same  into  a  formula  for  the  prediction  of 
standards  of  heat  production. 

From  these  curves  it  is  evident,  however,  that  usually  nearly 
the  same  values  for  variation  in  height  and  weight  are  utilized 
in  the  prediction  of  heat  production  in  subjects  of  average  adult 
size,  both  by  the  heat  formulas  of  Harris  and  Benedict  and  the 
formulas  of  Du  Bois  and  Du  Bois,  regardless  of  the  theoretic 
considerations  of  surface  area  underlying  the  derivation  of  the 
formulas.  Certain  discrepancies  in  the  relationship  between 
the  Harris  and  Benedict  formulas  for  men  and  women  as  men- 
tioned, however,  indicate  that  the  height-weight  formula  of 
Du  Bois  is  of  more  general  applicability. 

On  the  other  hand,  an  analysis  of  the  predicted  total  calories 
for  the  effect  of  age  reveals  marked  discrepancies  in  the  value 
allotted  to  the  age  factor  by  Du  Bois  and  by  Harris  and  Benedict. 
By  basing  his  comparisons  for  age  on  calories  for  each  square 
meter  of  body  surface  Du  Bois  makes  the  same  percentage  decrease 
in  heat  production  in  a  small  or  a  large  subject  for  increasing  age; 
Harris  and  Benedict  on  the  other  hand  subtract  exactly  the 
same  number  of  calories  for  a  given  increase  in  age,  regardless  of 
the  size  of  the  subject.  For  example,  as  illustrated  by  Chart  3, 
the  Du  Bois  method  predicts  a  10  per  cent  reduction  in  the 
basal  heat  production  for  a  man  70  years  of  age,  of  any  size,  as 
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compared  with  a  man  of  a  similar  height  and  weight  at  the  age  of 
20  years;  Harris  and  Benedict  on  the  contrary  predict  that  a  large 
subject  (124  kilos,  200  cm.)  will  have  a  heat  production  12.5  per 
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Chart  3.  The  percentage  decrease  in  the  heat  production  for  increasing 
age.  Curve  A  for  women  and  Curve  D  for  men  show  the  percentage 
decrease  in  heat  production  for  small  subjects  with  heights  of  151  cm.  and 
weights  of  25  kilos,  as  predicted  by  Harris  and  Benedict;  Curve  B  for  women 
and  Curve  E  for  men  are  the  percentage  decreases  according  to  Harris  and 
Benedict  in  the  heat  production  for  advancing  age,  as  predicted  for  large 
subjects  with  a  height  of  200  cm.  and  a  weight  of  124  kilos.  Curve  C  fof 
women  and  Curve  F  for  men  illustrate  the  percentage  decrease  in  heat 
production  for  increasing  age,  as  predicted  by  the  Du  Bois  normal  stand- 
ards. It  is  to  be  noted  that  according  to  Du  Bois  the  size  of  the  subject 
does  not  alter  the  percentage  decrease  of  the  heat  production  for  advancing 
age,  while  according  to  Harris  and  Benedict  a  much  greater  percentage 
decrease  occurs  in  small  than  in  large  subjects. 
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cent  less,  and  a  small  subject  (25  kilos,  151  cm.)  will  have  a  heat 
production  32  per  cent  less  at  70  years  of  age  as  compared  with 
similar  subjects  20  years  of  age.  It  does  not  appear  to  be  in 
accordance  with  the  facts,  nor  does  it  seem  logical  to  assume,  that 
a  small  man  will  show  more  than  twice  the  percentage  decrease 
in  heat  production  for  advancing  age  than  a  large  man.  The 
formula  for  women  shows  this  same  peculiarity  (Chart  3)  but  to 
a  lesser  degree.  We  believe  that  the  Du  Bois  age  factor  is  more 
in  accordance  with  the  data  at  present  available  than  that  of 
Harris  and  Benedict. 

In  his  normal  standards  Du  Bois  makes  the  same  percentage 
difference  in  heat  production  for  sex  at  any  constant  age,  regard- 
less of  the  size  of  the  subject,  because  he  bases  his  comparisons  on 
calories  for  each  square  meter  of  body  surface.  In  contrast, 
Harris  and  Benedict  predict  on  the  one  hand  a  markedly  lower 
heat  production  for  large  women  than  for  similar  sized  men,  but 
on  the  other  hand  they  make  the  astounding  prediction,  which  is 
contrary  to  their  general  conclusion,  that  the  heat  production  of 
small  women  is  greater  than  that  of  similar  sized  men.  This 
peculiarity  of  their  prediction  formulas  is  illustrated  in  Chart  4, 
in  which  it  is  shown  that,  at  the  age  of  21  years,  a  small  woman 
(25  kilos,  and  151  cm.)  will  have  a  heat  production  5  per  cent 
greater,  and  at  the  age  of  70,  a  heat  production  22  per  cent  greater 
than  that  of  a  man  of  similar  height  and  weight  at  those  respective 
ages.  The  assumption  of  such  a  reversed  effect  of  sex  on  the  heat 
production  in  small  as  opposed  to  large  subjects  does  not  appear 
to  us  to  be  sufficiently  established  by  the  data  at  present  available 
to  justify  its  incorporation  into  a  prediction  formula,  particularly 
since  theoretically  it  seems  much  more  likely  that  both  age  and 
sex  affect  the  heat  production  of  large  and  small  subjects  in  the 
same  direction  and  probably  also  in  approximately  the  same 
degree. 

The  larger  discrepancies  between  the  basal  metabolic  rate,  as 
predicted  from  the  formulas  of  Harris  and  Benedict  and  from 
those  of  Du  Bois,  result  usually  from  a  summation  of  the  small 
discrepancies  found  for  height  and  weight  and  the  larger  ones 
for  age  and  sex;  in  some  instances  there  is  entire  agreement  as  to 
the  value  of  the  different  groups  of  factors,  while  in  others  the 
discrepancies  approximately  balance  one  another,  thus  accounting 
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for  the  parallelism  between  the  basal  metabolic  rate  calculated 
by  the  Du  Bois  and  by  the  Harris  and  Benedict  standards,  as 
found  by  Boothby  and  Sandiford  and  by  Means  and  Woodwell. 
Constants  for  age  and  sex  must  always  be  used  in  the  prediction 
of  the  basal  metabolic  rate,  either  by  proper  standards  for  varying 
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Chart  4.  Effect  of  sex  on  the  heat  production.  Curve  A  represents 
the  percentage  variation  of  the  basal  heat  production  of  a  large  woman 
(200  cm.  and  124  kilos)  from  a  similar  sized  man  between  the  ages  of  20  and 
70  years,  as  predicted  by  Harris  and  Benedict.  Curve  B  is  the  prediction 
of  Du  Bois  and  is  the  same  for  all  women,  regardless  of  tbeir  size.  Curve 
C  is  the  percentage  base  line.  Curve  D  is  the  prediction  of  Harris  and 
Benedict  for  a  small  woman  (151  cm.  and  25  kilos)  as  compared  to  a  similar 

age  and  sex  as  done  by  Du  Bois,  or  by  the  introduction  of  the 
constants  directly  into  the  formula  as  done  by  Harris  and  Bene- 
dict. Certain  critics  of  the  Du  Bois  surface  area  normal  standard 
method  neglect  to  emphasize  the  Du  Bois  standards  for  age  and 
sex  and  refer  simply  to  surface  area,  and  they  so  state  their 
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arguments  that  to  the  superficial  reader  it  may  appear  that  Du 
Bois  does  not  utilize  the  age  and  sex  factors  in  the  prediction  of 
the  normal  basal  metabolism.  Such  an  implication  is  as  unwar- 
ranted as  it  would  be  to  refrain  from  using  appropriately  the  four 
tables  of  Harris  and  Benedict  one  of  which  is  for  height  and  age 
in  men,  another  for  height  and  age  in  women,  while  the  third  and 
fourth  are  for  the  weight  of  men  and  women,  respectively. 

We,  as  well  as  all  other  recent  writers,  agree  with  Benedict 
that  the  rate  of  heat  production  is  neither  controlled  by  the  area 
of  the  body  surface,  nor  at  the  present  stage  of  the  evolution  of 
man  caused  by  the  influence  of  cooling  on  the  body;  we  also  agree 
that  in  all  probability  the  heat  production  is  proportional  to  the 
active  protoplasmic  mass  of  the  body  for  any  given  age  and  sex. 
However,  as  the  protoplasmic  mass  of  the  body  must  be  related 
to  the  total  body  nitrogen  and  since  Moulton  has  shown  that  the 
surface  area  of  beef  cattle  is  a  power  function  of  the  total  body 
nitrogen,  the  formula  being  S  =  iV1,  there  is  direct  experimental 
evidence  to  the  effect  that  the  protoplasmic  mass  is  proportional 
to  the  surface  area.  Furthermore,  the  constants  of  the  height  and 
weight  as  used  by  Harris  and  Benedict  and  by  Du  Bois  and  Du 
Bois,  although  derived  by  entirely  different  methods  and  from 
diametrically  opposite  theoretic  considerations,  lead  to  an  estima- 
tion of  the  surface  area  in  the  average  adult  subject  with  prac- 
tically equal  accuracy.  This  remarkable  fact  seems  to  us,  when 
taken  in  conjunction  with  the  average  demonstrated  parallelism 
in  the  basal  metabolic  rate  as  calculated  by  the  two  methods,  to 
be  additional  evidence  that  the  surface  area  is  the  most  exact 
method  at  present  available  for  estimating  the  active  protoplasmic 
mass  and  in  consequence  the  best  method,  in  conjunction  with 
appropriate  standards  of  age  and  sex,  for  predicting  the  basal 
heat  production. 

CONCLUSIONS. 

1.  It  is  shown  that  there  is  remarkable  agreement  between  the 
surface  area  calculated  by  the  Du  Bois  surface  area  formulas 
and  the  formulas  derived  from  Harris  and  Benedict's  bio- 
metric  correlation  formulas  for  the  prediction  of  the  basal  heat 
production. 
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2.  Since  the  factors  for  height  and  weight,  as  used  by  Harris 
and  Benedict  in  their  formulas  for  predicting  the  basal  heat 
production,  admit  of  the  calculation  of  the  surface  area  of  subjects 
who  have  been  measured  by  casts  or  Benedicts  photographic 
method  with  approximately  the  same  variation  as  that  between 
the  Du  Bois  height-weight  formula  and  the  Du  Bois  linear  formula, 
the  contention  of  Lusk  and  Du  Bois  is  strengthened  that  the 
basal  heat  production,  for  a  given  age  and  sex,  is  proportional 
to  the  surface  area. 

3.  As  a  marked  difference  exists  between  the  Du  Bois  and  the 
Harris  and  Benedict  factors  for  age  and  sex,  the  major  discrep- 
ancies between  the  basal  metabolic  rate  as  calculated  from  the 
two  standards  are  due  to  the  difference  in  values  attributed 
thereto,  especially  when  those  of  the  latter  are  superimposed  on 
the  small  differences  obtained  from  the  slightly  different  height- 
weight  factors  of  the  two  methods. 

4.  Harris  and  Benedict,  in  their  correlation  formula,  assume  that 
a  small  subject  will  show  more  than  twice  the  percentage  decrease 
in  heat  production  for  advancing  age  than  a  large  subject,  while 
Du  Bois  assumes  that  age  affects  alike  both  small  and  large  people. 

5.  Harris  and  Benedict  assume  a  reversed  action  for  sex, 
depending  on  the  size  of  the  subject,  by  predicting  first  that 
large  men  have  a  greater  heat  production  than  similar  sized 
women  and  second  that  small  women  have  a  greater  heat  produc- 
tion than  small  men. 

6.  Until  Harris  and  Benedict  prove  that  the  effect  of  age  and  of 
sex  is  different  in  large  and  small  men  and  women,  and  that  small 
women  have  a  greater  heat  production  than  small  men,  it  is  best 
to  adopt  the  factors  of  Du  Bois  which  are  in  better  accordance 
with  the  evidence  at  present  available,  namely  that  age  and  sex 
produce  at  least  approximately  the  same  percentage  alteration  in 
different  subjects,  regardless  of  their  size. 

7.  The  Du  Bois  formula  for  the  determination  of  the  surface 
area  and  the  Du  Bois  normal  standards  of  heat  production  for  each 
square  meter  of  body  surface  for  age  and  sex  are  considered  by 
us  the  best  method  at  present  available  for  predicting  the  normal 
heat  production. 


SUMMARY  OF  THE  BASAL  METABOLISM  DATA  ON  8,614 

SUBJECTS  WITH  ESPECIAL  REFERENCE  TO  THE 

NORMAL  STANDARDS  FOR  THE  ESTIMATION 

OF  THE  BASAL  METABOLIC  RATE. 
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(Received  for  publication,  October  21,  1922.) 

In  the  preceding  paper  we  presented  mathematical  data  which  in 
our  opinion  indicate  that  the  Du  Bois  normal  standards  based  on 
calories  for  each  square  meter  of  body  surface  are  the  best  so  far 
advanced  for  predicting  the  basal  heat  production.  We  con- 
firmed the  previous  observation  of  Du  Bois  that  the  height  and 
weight  factors  as  utilized  by  Harris  and  Benedict  in  their  heat 
formulas  predict  the  surface  area  in  the  average  person  with  an 
approach  to  the  same  accuracy  as  the  Du  Bois  height-weight 
formula.  It  was  further  pointed  out  that  there  was  considerable 
discrepancy  between  the  values  for  age  and  sex  as  assigned  by  Du 
Bois  and  by  Harris  and  Benedict  and  that  those  adopted  by  the 
former  were  in  better  agreement  with  the  evidence  at  present 
available. 

The  arguments  advanced  in  that  paper,  however,  need  the 
support  of  further  experimental  evidence  because,  after  all, 
standards  cannot  be  maintained  on  mathematical  considerations  as 
opposed  to  experimental  data.  The  object  of  this  paper  is  to 
present  in  as  brief  a  form  as  possible  the  basal  metabolism  data 
obtained  in  our  laboratory  from  March,  1917,  to  January,  1922. 
During  this  time  more  than  25,000  basal  metabolic  rate  deter- 
minations have  been  made  on  8,614  subjects;1  these  results  are 

1  Since  going  to  press,  an  article  by  Means  and  Burgess  has  appeared 
(Means,  J.  H.,  and  Burgess,  H.  W.,  Arch.  Int.  Med.,  1922,  xxx,  507)  in  which 
they  report  metabolism  studies  on  a  series  of  1,000  cases.  Their  data  and 
conclusions  are  in  accord  with  ours  as  to  the  clinical  significance  of  altera- 
tions in  the  basal  metabolic  rate. 

783 


784 


Estimation  of  Basal  Metabolic  Rate 


TABLE  I* 

Comparison  of  the  Basal   Metabolic  Rate  in  8,197  Patients  with 

Thyroid  Disorders. 
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Adenoma  with  hypcrthy- 

Recurrent  adenoma  with 

hyperthyroidism! 

Adenoma  without  hyper- 

Recurrent  adenoma  with- 
out hyperthyroidism!.  ■  ■ 

1 

Postoperativeinyxedema. . 
Questionable  hypo  thyroid- 

54 

Malignant  thyroid 

2 

Total  No.  of  cases 

8, 197 

*  The  8,614  cases  summarized  in  Tables  I  and  II  represent  all  patients 
on  whom  tests  were  made  from  March,  1917  to  January,  1922  with  the  excep- 
tion of  87  in  which  a  positive  diagnosis  of  the  presence  of  hyperthyroidism 
was  not  reached.  Two  of  the  87  patients  bad  metabolic  rates  between 
—  15  and  —11  per  cent;  thirty-one  between  —10  and  +10  per  cent;  thirty- 
five  between  +11  and  +20  per  cent;  and  nineteen  above  +20  per  cent. 
About  one-half  of  this  group  bad  but  one  metabolic  rate  determination. 

In  a  consideration  of  the  significance  of  Tables  I  and  II,  the  probability 
of  errors  in  the  determination  of  the  basal  metabolic  rate  must  be  evaluated. 
We  estimate  that  in  routine  work  in  our  laboratory  there  is  a  material  error 
in  about  1  per  cent  of  the  determinations  and  in  an  additional  5  per  cent 
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summarized  in  Tables  I  and  II,  and  a  few  illustrative  charts  are 
given.  The  outstanding  fact  is  that  77  per  cent  of  all  patients 
other  than  those  with  disorders  of  the  thyroid  had  basal  metabolic 
rates  within  the  restricted  Du  Bois  normal  limits  of  + 10  to  — 10  per 
cent;  90  per  cent  had  basal  metabolic  rates  within  +15  to  —15 
per  cent.  The  high  percentage  of  normal  results  is  most  significant 
when  it  is  considered  that  all,  except  127  of  the  subjects  who  com- 
prise our  normal  group,  had  a  functional  or  organic  disease. 

Tables  I  and  II  include  all  patients  on  whom  tests  were  made 
except  the  87  referred  to  in  the  asterisk  (*)  footnote  to  Table  I. 

of  the  tests  slight  errors  occur,  the  result  of  which  is  to  place  the  patient 
either  in  the  next  higher  or  lower  group,  as  arranged  in  the  table.  In 
about  one-third  of  the  patients  with  thyroid  disorders  only  one  determina- 
tion was  made  and  approximately  one-half  the  patients  who  had  other 
diseases,  not  involving  the  thyroid,  had  only  one  rate. 

If  in  any  group  100  typical  cases  with  unquestioned  diagnosis  arc 
selected  and  on  whom  sufficient  basal  metabolic  rate  determinations  are 
made  so  that  all  errors  are  excluded,  such  a  series  will  usually  show  a  99 
per  cent  agreement  with  the  characteristic  metabolism  for  that  condition. 

t  With  a  few  exceptions  the  patients  with  exophthalmic  goiter  having 
basal  metabolic  rates  below  +20  per  cent  came  under  our  observation 
during  a  period  of  remission. 

X  The  patients  listed  under  recurrent  exophthalmic  goiter  and  recurrent 
adenoma,  with  and  without  hyperthyroidism,  include  those  who  had  had 
a  previous  partial  thyroidectomy  before  any  metabolism  studies  had  been 
made  in  our  laboratory  and  in  whom  the  question  of  the  necessity  for 
further  operative  treatment  was  under  consideration. 

§  A  basal  metabolic  rate  of  + 10  per  cent  has  been  taken  arbitrarily 
as  dividing  patients  with  adenomatous  goiter  into  the  groups  with  and 
without  hyperthyroidism.  While  all  cases  with  basal  metabolic  rates 
below  +10  per  cent  are  unquestionably  not  hyperthyroid,  it  cannot  be 
assumed  that  all  those  with  basal  metabolic  rates  slightly  above  +10 
per  cent  are  necessarily  hyperthyroid;  unfortunately  this  group  when 
tabulated  was  not  subdivided  at  + 15  per  cent  as  was  done  in  some  of  the 
other  groups. 

||  The  cases  grouped  in  the  table  under  colloid  goiter  include  a  con- 
siderable and  unknown  proportion  of  cases  of  colloid  adenoma  because  in 
the  earlier  cases  of  the  series  less  attention  was  directed  to  making  a  cor- 
rect differential  diagnosis  than  is  at  present  exercised. 

IF  Only  rarely  does  a  cretin  come  under  our  observation  who  has  not 
had  thyroid  medication;  therefore  the  results  presented  in  the  table  cannot 
be  considered  as  the  average  of  a  group  of  untreated  cases.  Furthermore, 
the  normal  standards  for  children  are  not  yet  as  accurately  established  as 
are  those  for  adults. 
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In  Table  I  are  tabulated  the  basal  metabolic  rate  findings  in 
diseases  of  the  thyroid  and  in  Table  II  of  all  conditions  other  than 
of  the  thyroid,  including  such  diseases  as  the  leucemias  which  are 
characterized  by  abnormal  basal  metabolic  rates.  A  study  of 
these  tables  reveals  most  convincing  evidence  that  the  basal 
metabolic  rate  is  characteristically  normal  in  all  except  a  few 
specific  diseases. 

In  our  laboratory,  metabolic  rates  are  obtained  by  the  open  or 
gasometer  method  with  analysis  of  the  expired  air  by  the  Haldane 
gas  analysis  apparatus.  Original  readings  are  made  in  duplicate 
by  two  observers.  Two  analyses  are  made  of  the  expired  air,  and 
the  results  are  accepted  if  they  agree  within  0.04  per  cent  for 
carbon  dioxide  and  0.06  per  cent  for  oxygen;  additional  analyses 
are  required  if  there  is  a  greater  discrepancy.  The  calculations 
are  made  by  four  place  logarithms  and  checked  by  the  nomographic 
chart  method.  Repeated  outdoor  air  analyses,  of  which  per- 
manent records  are  kept,  are  made  at  stated  intervals  with  each 
Haldane  apparatus  and  by  each  analyst;  similarly,  analyses  of  a 
common  sample  of  expired  air  are  frequently  made  by  all  analysts. 
A  very  definite  routine,  described  in  detail  in  our  laboratory 
manual  has  been  adopted  with  the  intent  of  reducing  technical 
errors  to  a  minimum  T  As  a  result  we  feel  that  accidental  technical 
errors  except  those  due  to  loss  of  expired  air  from  an  improper 
application  of  the  face  mask  are  of  very  rare  occurrence.  A 
material  error  from  the  cause  mentioned  occurs  in  approximately 
1  per  cent  of  the  tests  and  always  causes  a  lowering  of  the  metabolic 
rate. 

Technical  errors  are,  however,  a  much  less  common  source  of 
inaccuracy  than  failure  to  obtain  the  metabolic  rate  under  absolute 
basal  conditions.  A  basal  determination  is  not  obtained  if  the 
subjects  fail  to  cooperate,  or  are  nervous  and  worried  over  the 
procedure  as  they  are  apt  to  be  in  the  first  test.  Under  such 
conditions  the  observed  metabolic  rate  may  be  from  5  to  30 
per  cent  too  high.  Therefore,  a  first  test  with  an  observed  metab- 
olic rate  between  +10  and  +20  per  cent  will  probably  be  lowered 
to  within  the  normal  limits  of  variation  if  the  test  is  repeated 
a  sufficient  number  of  times  to  obtain  a  true  basal  metabolic 
rate.  In  the  various  groups  reported  in  Table  II,  in  which  there 
are  a  few  slightly  elevated  rates,  experience  has  convinced  us  that 
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nearly  all  would  have  been  normal  if  a  sufficient  number  of  tests 
had  been  made  on  those  subjects  to  eliminate  temporary  (non- 
basal)  elevations.  These  temporary  elevations  of  the  metabolic 
rate  are,  in  clinical  work  by  far  the  most  confusing  factor  in  the 
estimation  of  the  significance  of  the  basal  metabolic  rate  and  are 
of  great  importance  in  the  consideration  of  data  such  as  are 
presented  in  this  paper.  Nothing  the  subject  does  or  fails  to  do, 
except  deep  sleep,  can  depress  the  metabolic  rate,  whereas  any 
slight  disturbing  condition  such  as  a  headache,  pain,  discomfort, 
excitement,  restless  or  uneasy  sleep  the  preceding  night,  fear, 
movements,  fever,  surreptitious  ingestion  of  food,  or  innumerable 
other  factors  may,  in  certain  cases,  cause  an  appreciable  elevation. 

The  cause  of  the  temporary  elevation  in  the  metabolic  rate  is  not 
definitely  known  aside  from  that  due  to  fever,  food,  and  muscular 
movement.  Aub  has  pointed  out  that  with  the  exception  of  the 
thyroid  and  adrenal  glands  there  is  at  present  no  evidence  that  any 
other  ductless  gland  produces  a  demonstrable  calorigenic  reaction. 
Plummer  and  Boothby  have  shown  that  these  rapid  fluctuations  in 
the  metabolic  rate  cannot  be  accounted  for  in  man  by  corresponding 
variations  in  the  thyroxin  concentration  in  the  tissues  because  the 
maximum  effect  of  a  single  intravenous  dose  of  10  mg.  of  thyroxin 
is  not  usually  reached  until  between  the  5th  and  10th  day  after 
administration  and  it  takes  as  a  rule  several  weeks  for  the  reac- 
tion entirely  to  disappear.  In  some  instances  these  temporary 
elevations  are  probably  due,  as  suggested  by  Aub,  to  the  emotional 
stimulation  of  the  adrenal  glands  resulting  in  a  discharge  into  the 
circulation  of  an  excess  of  adrenalin  secretion.  This  explanation 
is  in  accordance  with  our  observations  as  we  have  shown  that 
adrenalin,  when  injected  into  dogs  in  quantities  within  the  ac- 
cepted power  of  the  adrenal  glands  to  secrete,  produces  a  definite 
calorigenic  reaction;  the  alteration  in  heat  production  under  such 
conditions  is  an  increase  of  from  about  5  to  20  per  cent,  which 
is  of  the  same  average  order  of  magnitude  and  duration  noted 
in  these  temporary  elevations  met  with  occasionally  in  clinical 
work.  Elevations  of  this  type  in  the  observed  rate  must  be  carefully 
differentiated  from  true  elevations   of  the  basal  metabolic  rate. 

In  Chart  1  are  plotted  the  basal  metabolic  rates,  computed  from 
the  Du  Bois  surface  area  standards,  obtained  on  127  subjects 
whom  we  consider  "normal"  because  they  had  passed  through  a 
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careful  clinical  examination  without  revealing  any  evidence  of 
disease  that  could  in  any  way  affect  their  metabolism.  The 
criticism  that  these  subjects  were  practically  all  "patients"  and 
came  for  examination  because  they  thought  they  were,  or  might  be, 
ill  is  effectively  offset  by  this  careful  negative  examination; 
several  of  the  subjects  had  bad  teeth,  tonsils,  a  hernia,  or  other 
mechanical  fault,  all  of  which,  as  is  recognized,  could  in  no  way 
affect  the  metabolism.  Of  the  127  subjects  plotted  on  the  chart, 
109  had  only  one  metabolic  rate  determination;  none  of  those  with 
results  between  +11  and  +15  per  cent  or  between  —11  and  —15 
per  cent,  and  only  eighteen  of  those  between  +10  and  —10  per 
cent  had  more  than  a  single  test.  In  Chart  2  are  plotted  the  basal 
metabolic  rates,  computed  from  the  Harris  and  Benedict  standards, 
of  the  102  subjects  in  Chart  1  who  are  21  years,  or  more,  or  age. 

In  Table  III  are  given  the  essential  data  with  regard  to  this 
group  of  102  normal  subjects  who  are  21  years,  or  more,  of  age. 
The  most  interesting  evidence  in  this  table  is  the  fact  that  the 
surface  areas  agree  in  most  instances  within  1  per  cent,  as  calcu- 
lated by  the  Du  Bois  height-weight  formula  and  by  the  Harris  and 
Benedict  formulas  derived  according  to  the  method  given  in  the 
preceding  paper;  in  only  one  case  does  the  surface  area  as  calcu- 
lated by  the  two  methods  differ  by  as  much  as  5  per  cent.  The 
variations  in  the  height-weight  factors  are  in  all  cases  so  slight  that 
the  maximal  alteration  in  the  metabolic  rate  from  the  difference 
in  value  of  these  factors  expressed  as  surface  area  is  never  more 
than  6  points  from  that  calculated  by  the  Du  Bois  height-weight 
factors  for  surface  area,  and  is  usually  very  much  less.  On  the 
other  hand,  considerable  variation  is  caused  in  many  instances  by 
the  difference  in  value  between  the  two  standards  for  the  factors  of 
age  and  sex.  These  variations  in  the  age  and  sex  factors  develop 
differences  of  at  least  5  and  possibly  14  points  in  the  basal  metabolic 
rate  in  a  considerable  proportion  of  the  cases.  The  basal  metabolic 
rates,  as  calculated  by  both  methods,  however,  are  in  agreement 
when  there  is  a  cancellation  of  the  variations  of  height  and  weight 
by  the  age  and  sex  factors,  or  when  all  factors  of  both  methods  are 
of  practically  equal  value. 

We  have  also  calculated  a  table  similar  to  Table  III,  using  the 
data  reported  by  Harris  and  Benedict  (their  Tables  C  and  D) 
for  their  136  normal  men  and  103  normal  women.    The  calcu- 
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TABLE  III. 

Essential  Data  on  108  Normal  Persons. 


Calories 

for  each 

24  hro. 

Surface  area. 

Basal  metabolic 
1            rate. 

No. 

Sex. 

Age. 

Height. 

Weight. 

DuBoia* 
height- 
weight 

formula. 

Harris 

and 

Benedict 

formula. 
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stand* 

ards. 
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and 
Benedict 
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ards. 
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ko. 

sq.  m. 

sq.  m. 
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21 
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55.6 
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1.55 
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21 
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48.0 
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1.50 

1.49 

+11 

+  12 

3 

22 

162.0 

64.6 
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1.68 

1.66 

-9 

-8 

4 

22 

153.5 

47.0 
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1.42 

1.45 

+5 

+3 

5 

22 
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73.9 
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1.77 

1.76 

+3 

+4 

6 

22 
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51.2 
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1.51 

1.51 

+7 

+8 

mm 

i 

23 

170.0 

56.1 
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1.64 

1.59 

-4 

-1 

8 

24 

166.7 

83.9 

1,641 

1.93 

1.88 

-4 

-1 

9 

24 

157.9 

57.7 

1,274 

1.57 

1.58 

-8 

-8 

10 

24 

155.5 

67.2 

1,529 

1.66 

1.68 

+4 

+4 

11 

25 

161.9 

46.5 

1,294 

1.46 

1.47 

0 

+  1 

12 

25 

154.6 

37.0 

1,303 

1.28 

1.35 

+  15 

+11 

13 

25 

158.6 

69.1 

1,461 

1.70 

1.70 

-3 

-2 

14 

25 

165.6 

57.5 

1,342 

1.64 

1.59 

-8 

-4 

15 

27 
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45.6 
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1.46 

1.46 

+3 

+5 

16 

27 
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60.0 
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1.66 

1.62 

+5 

+  10 

17 

27 
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65.3 

1,  o9o 

1.73 

1.68 

+4 

+9 

18 

27 

154.4 

67.5 

1,434 

1.66 

1.68 

-3 

-2 

19 

28 

163.7 

68.6 

1,461 

1.75 

1.71 

-6 

-1 

20 

30 

164.4 

66.1 

1,466 

1.72 

1.68 

-3 

+  1 

21 

31 

155.5 

66.8 

1,428 

1.65 

1.67 

-1 

-1 

22 

32 

163.9 

54.8 

1,248 

1.58 

1.56 

-10 

-6 

23 

32 

166.3 

55.0 

1,410 

1.61 

1.57 

0 

+5 

24 

32 

152.0 

49.0 

1,191 

1.43 

1.47 

-5 

-5 

25 

33 

161.1 

49.5 

1,450 

1.50 

1.50 

+  10 

+  14 

26 

33 

164.9 

69.8 

1,485 

1.77 

1.72 

-4 

+  1 

27 

33 

157.0 

45.3 

1,233 

1.42 

1.44 

-1 

+  1 

28 

34 

165.0 

52.8 

1,500 

1.56 

1.54 

+  10 

+  15 

29 

34 

161.6 

69.2 

1,417 

1.73 

1.71 

-7 

-3 

30 

35 

162.0 

53.4 

1,343 

1.55 

1.54 

-1 

+3 

31 

36 

153.9 

63.8 

1,448 

1.61 

1.64 

+3 

+5 

32 

36 

161.1 

56.3 

1,295 

1.58 

1.57 

-7 

-2 

33 

36 

163.0 

64.0 

1,597 

1.68 

1.66 

+8 

+14 

34 

36 

172.0 

92.1 

1,818 

2.04 

1.98 

+2 

+8 

35 

37 

160.6 

61.7 

1,367 

1.64 

1.63 

-5 

0 

*  The  Du  Bois  surface  area  is  obtained  by  using  a  nomographic  chart 
and,  therefore,  may  vary  from  a  mathematically  calculated  area  by 
approximately  1  per  cent. 
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TABLE  Ill-Continued. 


Ci 

dories 
reach 
Ihrs. 

Surface  area. 

Basal  metabolic 
rate. 

No. 

Sex. 

Age. 

Height. 

Weight,    foi 
24 

Du  Bois 
height- 
weight 

formula. 

Harris 

and 

Benedict 

formula. 

Du  Bois 
stand- 
ards. 

Harris 
and 
Benedict 
stand- 
ards. 

cm. 

kj. 

•q.  m. 

*q.  m. 

percent 

percent 

36 

F. 

37 

156.0 

46.2      1, 

,2€4 

1.42 

1.45 

+2 

+4 

37 

37 

167  5 

56.9     1, 

408 

1.63 

1.59 

-1 

+5 

38 

39 

leo.o 

59.3     1, 

386 

i.eo 

1.60 

-1 

+4 

39 

39 

160.1 

64.4     1, 

,493 

1.67 

1.65 

+2 

+8 

40 

39 

154.5 

60.6     1, 

,302 

1.59 

1.60 

-7 

-3 

41 

39 

159.8 

55.1     1, 

382 

1.55 

1.55 

+2 

+7 

42 

39 

154.5 

55.0     1, 

,377 

1.52 

1  54 

+4 

+7 

43 

39 

153.0 

55.5     1, 

,333 

1.52 

1.54 

0 

+4 

44 

41 

165.1 

61.8     1, 

,386 

1.66 

1.64 

-3 

+2 

45 

42 

151.8 

76.5     1, 

,552 

1.73 

1.77 

+4 

+5 

46 

43 

176.6 

92.2     1, 

,712 

2  08 

1.99 

-5 

+3 

47 

43 

153.5 

49.4     1, 

,239 

1.45 

1.48 

-1 

+2 

48 

46 

163.3 

64.9     1 

,467 

1.70 

1.67 

0 

+8 

49 

46 

168.7 

86.9     1 

,651 

1.97 

1.92 

-3 

+4 

50 

48 

163.8 

68.0     1 

,401 

1.74 

1.70 

-7 

+  1 

51 

50 

165.8 

74.5     1, 

,512 

1.82 

1.78 

-1 

+5 

52 

50 

160.0 

52.7     1 

,411 

1.53 

1.53 

+  10 

+  16 

53 

52 

M5.5 

90.0     1, 

,601 

1.98 

1.94 

-4 

+  1 

54 

52 

159.0 

73.3     1, 

,510 

1.76 

1.75 

+2 

+7. 

55 

52 

162.0 

44.7     1, 

,197 

1.44 

1.45 

-1 

+5 

56 

53 

151.0 

51.7     1, 

289 

1.45 

1.50 

+6 

+9 

57 

53 

165.7 

47.4     1, 

,397 

1.50 

1.48 

+  11 

+20 

58 

55 

160.3 

46.4     1, 

,136 

1  46 

1.46 

-7 

0 

59 

55 

166.2 

67.0     1, 

,402 

1.73 

1.70 

-3 

+4 

60 

62 

158.5 

47.3     1, 

,267 

1.45 

1.47 

+7 

+  14 

61 

67 

154.1 

45.9     1 

,246 

1.41 

1.44 

+8 

+  17 

62 

IN 

A. 

22 

168.3 

66.3     1 

,849 

1.76 

1.76 

+  11 

+  11 

63 

23 

173.1 

61.9     1, 

,822 

1.74 

1.73 

+  10 

+  12 

64 

23 

177.7 

76.9     1 

,8C0 

1.95 

1.97 

+  1 

+  1 

65 

23 

168.7 

67.6     1 

,647 

1.77 

1.79 

-2 

_2 

66 

23 

180.0 

64.6     1 

,894 

1.82 

1.80 

+  10 

+  11 

67 

24 

168.9 

59.2     1, 

,688 

1.67 

1.67 

+7 

+8 

68 

24 

172.0 

54.2     1, 

,570 

1.63 

1.61 

+2 

+4 

69 

25 

171.0 

58.0     1, 

,692 

1.68 

1.66 

+6 

+9 

70 

25 

180.2 

75.8     1, 

,963 

1.96 

1.96 

+6 

+7 

71 

•  25 

178.3 

70.5     1, 

904 

1.88 

1.88 

+7 

+8 

72 

27 

165.0 

61.3      1, 

664 

1.66 

1.68 

+6 

+7 
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TABLE  Ill-Concluded. 


Calories 

for  each 

24hrs. 

Surface  area. 

Basal  metabolic 
rate. 

No. 

Sex. 

Age. 

Height. 

Weight. 

DuBois 
height- 
weight 

formula. 

Harris 

and 
Benedict 
formula. 

Du  Bois 
stand- 
ards. 

Harris 
and 
Benedict 
stand- 
ards. 

cm. 

kg. 

eq.  m. 

eq.  m. 

percent 

percent 

73 

M. 

27 

173.4 

56.7 

1,644 

1.68 

1.65 

+3 

+8 

74 

« 

27 

171.0 

62.0 

1,675 

1.73 

1  72 

+2 

+5 

75 

tt 

28 

171.8 

70.4 

1,773 

1.81 

1.85 

+3 

+4 

76 

tt 

29 

161.3 

64.9 

1,588 

1.67 

1.71 

0 

+  1 

77 

tt 

31 

167.6 

57.8 

1,595 

1.66 

1.64 

+  1 

+7 

78 

tt 

31 

169.0 

68.2 

1,524 

1.77 

1.80 

-9 

-7 

79 

(( 

32 

170.9 

60.8 

1,679 

1.71 

1.70 

+4 

+9 

80 

tt 

33 

162.5 

68.0 

1,680 

1.72 

1.76 

+3 

+5 

81 

it 

34 

177.7 

66.9 

1,588 

1.83 

1.83 

-8 

-4 

82 

« 

35 

175.0 

61.0 

i;  656 

1.73 

1.72 

+  1 

+7 

83 

it 

35 

173.2 

66.0 

1,745 

1.79 

1.79 

+3 

+9 

84 

tt 

35 

172.2 

70.5 

1,748 

1.82 

1.85 

+  1 

+5 

85 

tt 

35 

173.1 

70.4 

1,658 

1.84 

1.85 

-5 

0 

86 

it 

37 

172.9 

67.8 

1,680 

1.81 

1.81 

-2 

+4 

87 

it 

38 

164.0 

54.6 

1,524 

1.58 

1.57 

+2 

+  10 

88 

tt 

39 

170.0 

82.0 

1,776 

1.92 

2.00 

-2 

0 

89 

tt 

39 

172.0 

51.8 

1,382 

1.60 

1.58 

-9 

+  1 

90 

tt 

39 

180.8 

72.7 

1,827 

1.92 

1.93 

0 

+7 

91 

tt 

40 

180.0 

89.9 

1,854 

2.09 

2.17 

-4 

-4 

92 

tt 

43 

172.3 

70.2 

1,773 

1.83 

1.84 

+5 

+  11 

93 

it 

44 

181.0 

71.3 

1,830 

1.91 

1.91 

+4 

+  11 

94 

u 

45 

167.1 

67.5 

1,593 

1.75 

1.78 

-2 

+4 

95 

tt 

47 

175.0 

68.8 

1,908 

1.84 

1.84 

+  12 

+21 

96 

tt 

51 

177.4 

62.0 

1,404 

1.78 

1.75 

-13 

-4 

97 

a 

54 

178.4 

78.8 

1,535 

1.97 

2.00 

-13 

-8 

98 

tt 

57 

182.6 

67.0 

1,730 

1.87 

1.85 

+3 

+  14 

99 

tt 

58 

169.0 

58.2 

1,393 

1.65 

1.65 

-6 

+5 

100 

tt 

58 

154.3 

60.8 

1,526 

1.58 

1.61 

+7 

+  19 

101 

tt 

58 

179.0 

78.0 

1,690 

1.97 

1.99 

-5 

+3 

102 

tt 

60 

169.5 

53.2 

1,445 

1.61 

1.59 

+2 

+  16 

lation  of  the  surface  area  by 
Harris  and  Benedict  heat  predic 
subjects  a  figure  almost  identica 


he  formulas  derived  from  the 
on  formulas  gives  on  their  own 
with  the  surface  area  obtained 


by  the  Du  Bois  height-weight  formula.     Space    prevents  the 
reproduction  of  this  table  but  it  can  be  summarized  as  follows: 


794         Estimation  of  Basal  Metabolic  Rate 

The  average  surface  area  for  the  136  normal  men  according  to 
the  Du  Bois  height-weight  factors  is  1.76  square  meters  and 
according  to  the  Harris  and  Benedict  height-weight  factors  for 
men  is  also  1.76  square  meters;  for  the  103  normal  women  the 
Du  Bois  factors  give  an  average  of  1.59  square  meters  and  the 
Harris  and  Benedict  factors  for  women,  1.57  square  meters;  the 

TABLE  IV. 

Summary  by  Decades  of  the  Essential  Data  on  102  Normal  Persons. 


Decade. 


Total 
No  of 
cases. 


Height. 


Weight. 


Surface  area. 


Du 
Bois. 


Harris 
and 

Bene- 
dict. 


Basal  metabolic 
rate. 


Du 
Bois. 


Harris 
and 

Bene- 
dict. 


Females. 


• 

cm. 

kg. 

aq.  m. 

*q.  m. 

percent 

percent 

21-29 

19 

161.3 

59.1 

1.61 

1.60 

+0.9 

+2.3 

30-39 

24 

160.5 

59.3 

1.61 

1.60 

-0.4 

+3.6 

• 

40-49 

7 

163.4 

71.4 

1.76 

1.74 

-2.1 

+3.6 

50-59 

9 

161.8 

60.9 

1.63 

1.62 

+  1.4 

+7.4 

60-69 

2 

156.5 

46.6 

1.43 

1.46 

+7.5 

+15.5 

Average 

61 

161.2 

60.4 

1.62 

1.61 

+0.3 

+4.2 

i  ■»  •  ~ 

Males. 


21-29 

15 

172.0 

64.7 

1.76 

1.76 

+4.8 

+6.3 

30-39 

14 

171.6 

65  6 

1.76 

1.77 

-1.4 

+3.8 

40-49 

5 

175.0 

73.5 

1.88 

1.91 

+3.0 

+8.6 

50-59 

6 

173.5 

67.5 

1.80 

1.81 

-4.5 

+4.8 

60-69 

1 

169.5 

53.2 

1.61 

1.59 

+2.0 

+  16.0 

Average 

41 

172.4 

66.2 

1.78 

1.79 

+  1.0 

+5.7 

Average    for    males    and 

females 

102 

165.7 

62.8 

1.69 

1.68 

+0.6 

+4.8 

|      ».  w 

individual   variations  are  of  approximately  the  same  order  of 
magnitude  as  shown  in  our  own  series  given  in  Table  III. 

In  Table  IV  is  given  the  grand  average  of  the  102  normal 
persons,  and  the  average  for  each  decade  according  to  sex.  The 
average  surface  area  for  the  entire  group  calculated  by  the  Du 
Bois  height-weight  formula  is  1.69  square  meters  and  by  the 
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Harris  and  Benedict  factors,  1.68  square  meters,  a  negligible 
variation  of  0.6  per  cent.  The  average  basal  metabolic  rate  by  the 
Du  Bois  method  is  +0.6  per  cent  and  by  the  Harris  and  Benedict 
+4.8  per  cent,  again  showing  that  the  main  variation  in  the  results 
is  due  to  a  discrepancy  in  the  age-sex  factors  and  not  to  a  funda- 
mental disagreement  in  the  values  for  the  factors  of  height  and 
weight. 


+20                              *li 

30  40 

Age 


Chart  3. 


On  Chart  3  are  plotted  the  basal  metabolic  rates  according  to  the 
Du  Bois  method  for  thirty-one  patients  who  had  severe  migraine, 
but  were  otherwise  entirely  normal.  It  shows  an  even  better 
percentage  of  cases  falling  within  the  Du  Bois  limits  of  normality 
and  only  eight  had  more  than  one  rate.  On  Chart  4  are  plotted 
the  basal  metabolic  rates  of  267  patients  with  chronic  nervous 
exhaustion,  and  on  Chart  5  the  rates  of  384  patients  with  neur- 
asthenia. These  two  groups  are  essentially  similar,  as  some  of 
our  clinicians  prefer  one  term  and  some  the  other,  although  as  a 
rule  under  the  latter  term  are  included  the  more  easily  excitable 
patients.  This  difference  in  temperament  is  illustrated  by  the 
tendency  for  the  first  metabolism  test  to  be  slightly  higher  in 
the  latter  group;  only  about  one-fourth  of  these  patients  had 
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more  than  one  rate.  Chart  6  illustrates  the  tendency  of  a  single 
clinical  determination  in  certain  persons  with  cardiac  neurosis  to 
be  above  the  present  Du  Bois  normal  standards,  while  the  rates  in 
obesity,  as  shown  in  Chart  7,  show  an  opposite  tendency.  Charts  8 
and  9  serve  to  illustrate  the  metabolic  rate  findings  in  patients 
with  gynecologic  and  gastrointestinal  diseases. 

table  v. 

Comparison  of  the  Surface  Area  and  Basal  Metabolism  as  Calculated  by  the 
Du  Bois  and  by  the  Harris  and  Benedict  Methods  in  456  Persons. 


Sex. 


Total 
No.  of 
case*. 


Height. 


Weight. 


Surface  area. 


Du 
Bois. 


Harris 
and 

Bene- 
dict. 


Basal  metabolic 
rate. 


Du 
Bois. 


Harris 
and 

Bene- 
dict. 


Chronic  nervous  exhaustion. 


Females 

Males 

and  females. 


u 


cm. 

kg. 

itq.  tn. 

eg.  m. 

percent 

222 

162.4 

53.8 

1.56 

1.55 

+1.2 

27 

172.6 

60.6 

1.71 

1.71 

+1.0 

249 

163.5 

54.6 

1.57 

1.56 

+  1.2 

percent 

+5.0 

+5.7 
+5.1 


Migraine. 


Females 

Males 

"      and  females. 


27 

161.3 

55.2 

1.56 

1.56 

-1.0 

2 

174.0 

66.0 

1.79 

1.79 

+3.5 

29 

162.1 

56.0 

1.58 

1.57 

-0.7 

+3.1 

+12.5 

+3.8 


Obesity. 


Females 

Males 

"      and  females. 


61 

161.9 

96.1 

1.99 

2.00 

-0.8 

12 

173.3 

105.3 

2.17 

2.36 

+0.1 

73 

163.7 

97.6 

2.02 

2.06 

-0.7 

+1.5 
-3.9 
+0.5 


Normals. 


Females 

Males 

"      and  females. 


61 

161.2 

60.4 

1.62 

1.61 

+0.3 

41 

172.4 

66.2 

1.78 

1.79 

+1.0 

102 

165.7 

62.8 

1.69 

1.68 

+0.6 

+4.2 
+5.7 
+4.8 


Tables  similar  to  Tables  III  and  IV  have  been  made  for  the 
cases  of  chronic  nervous  exhaustion  (249),  migraine  (twenty-nine), 
and  uncomplicated  obesity  (73)  that  fall  within  the  limits  of  the 
Harris  and  Benedict  tables.  It  is  impracticable  to  publish  these 
in  full;  therefore,  only  the  averages  for  the  males  and  females  are 
given  in  Table  V.    The  surface  area  for  any  group  is  almost 
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TABLE  VI. 

Comparison  of  the  Basal  Metabolic  Rate  as  Calculated  by  the  Du  Baits  and  by 
the  Harris  and  Benedict  Methods  in  i55  Person*. 


!,'    i    '  +  +  +  +  +  +  + 

S^SSSa.SS      o     2     S 
5    1     i     i     i      I+    +    +    5,     i 


Chron  ic  nervous  exhaustion . 


Female 

Male 

and  female.. 

Female 

and  female. . 


Female 

and  female.. 


Du  Boia.      Female 

"    and  female.. 

Harria  Female 

and  Male 

Benedict.      "    and  female.. 


Female 

and  female.. 


In  the  calculations  the  percentages  were  carried  to  two  decimal  places. 
In  the  table  the  nearest  round  numbers  have  been  used,  thus  explaining 
apparent  slight  discrepancies  in  the  addition  of  the  percentages. 
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identical,  whether  calculated  by  the  Harris  and  Benedict  or  the 
Du  Bois  formula.  The  least  variation  in  the  basal  metabolic 
rate  is  in  the  group  of  obese  persons,  because,  as  shown  in  the 
previous  paper,  the  age  and  sex  factors  of  Du  Bois  and  of  Harris 
and  Benedict  are  in  much  closer  agreement  for  large  than  for  small 
subjects.  In  Table  VI  are  given  the  percentages  of  subjects  who 
have  basal  metabolic  rates  within  certain  ranges  as  calculated  by 
the  Du  Bois  and  by  the  Harris  and  Benedict  methods.  A  study  of 
this  table  reveals  the  fact  that  the  basal  metabolic  rates,  as 
alculated  by  the  Du  Bois  method,  are  more  often  between  —5 
and  +5  per  cent,  between  —10  and  +10  per  cent,  and  between 
—  15  and  +  15  per  cent  than  by  the  Harris  and  Benedict  method. 
As  we  have  said,  if  repeated  tests  were  made  a  considerable 
number  of  the  determinations  plotted  in  the  charts  above  the  zero 
line  would  be  from  1  to  5  points  lower;  while  a  smaller  proportion 
of  those  below  that  line  would  be  lowered  but  less  on  the  average. 
There  is  some  evidence  to  indicate  that  possibly  the  absolute  level 
of  the  Du  Bois  age  and  sex  standards  is  slightly  too  high;  how- 
ever, at  the  present  time  there  are  not  sufficient  data  available  to 
warrant  their  alteration.  In  our  opinion  the  correlation  study  of 
Harris  and  Benedict  has  confirmed  the  accuracy  of  the  Du  Bois 
height-weight  factors  independently  of  any  theoretic  considera- 
tions with  regard  to  surface  area  so  that  the  next  improvement 
to  be  anticipated  is  in  the  age-sex  factors. 

SUMMARY. 

The  charts  and  tables  show  the  high  percentage  of  persons  who 
have  normal  basal  metabolic  rates  according  to  the  Du  Bois 
standards,  unless  they  are  suffering  from  some  specific  disease 
characterized  by  an  alteration  in  the  basal  metabolism.  The 
limitations  of  the  basal  metabolic  rate  as  a  diagnostic  aid  can 
likewise  be  evaluated.  As  the  clinical  significance  of  abnormal 
basal  metabolic  rates  will  be  treated  in  detail  in  other  publications, 
we  shall  not  here  discuss  this  phase  of  the  subject,  except  to  point 
out  that  the  data  here  presented  are  evidence  to  the  effect  that  the 
basal  metabolic  rate  differentiates  diseases  into  those  with  in- 
creased, normal,  and  decreased  metabolism  as  sharply  as  the 
temperature  divides  diseases  into  the  febrile  and  afebrile  groups. 


802         Estimation  of  Basal  Metabolic  Rate 

The  two  points  we  wish  especially  to  emphasize  are;  first,  that  a 
high  percentage  of  persons  has  a  basal  metabolic  rate  within  ±10 
per  cent  and  a  very  high  percentage  within  ±15  per  cent  of  the 
Du  Bois  standards  for  age  and  sex  for  each  square  meter  of  body 
surface  provided  the  subjects  have  no  definite  disease  that  is 
characterized  by  a  pathologic  alteration  in  the  rate  of  heat  pro- 
duction; and  second,  that  a  smaller  percentage  of  these  same 
subjects  has  basal  metabolic  rates  within  the  same  limits  when 
the  Harris  and  Benedict  standards  are  used. 

CONCLUSION. 

The  Du  Bois  normal  standards  for  age  and  sex  based  on  calories 
for  each  square  meter  of  body  surface  determined  by  the  Du  Bois 
height-weight  formula  are  the  best  standards  at  present  available 
for  the  prediction  of  the  normal  heat  production,  as  shown  by  a 
study  of  the  basal  metabolic  rate  of  8,614  persons. 
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ON  DIACETONE  GLUCOSE. 
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In  a  previous  paper1  it  was  reported  that  diacetone  glucose 
and  monoacetone  benzylidene  glucose  on  treatment  with  phos- 
phorus oxychloride  yield  two  phosphoric  esters,  which  seem  to 
differ  one  from  another  by  the  allocation  of  the  phosphoric  acid 
radical. 

It  was  mentioned  in  this  publication  that  additional  and,  if 
possible,  more  direct  evidence  of  the  structure  of  diacetone  glucose 
and  of  acetone  benzylidene  glucose  is  desirable  before  a  final  dis- 
cussion of  the  differences  in  the  two  phosphoric  esters. 

Two  views  have  been  advanced  regarding  the  structure  of  diace- 
tone glucose.  According  to  the  original  view  of  Irvine  and  Scott,* 
the  respective  positions  of  the  substituting  groups  were  1,  2  and 
3, 5.  Later,  Macdonald,3  in  Irvine's  laboratory,  revised  the  theory, 
ascribing  to  the  second  substituting  group,  the  position  5, 6.  Karrer 
and  Hurwitz,4  on  the  basis  of  very  imperfect  experimental  evidence, 
came  to  the  same  conclusion.  On  the  other  hand,  Irvine  and  Hogg* 
have  later  reversed  the  conclusion  of  Macdonald  and  attributed  to 
the  second  substituting  group  the  position  3,  5.  Thus,  at  present, 
the  two  views  are  still  under  discussion. 

The  present  communication  contains  direct  evidence  in  favor 
of  the  theory  that  in  diacetone  glucose  the  positions  of  the  ace- 
tone radicals  are  on  carbon  atoms  1,  2  and  5,  6. 

1  Levene,  P.  A.,  and  Meyer,  G.  M.,  J.  Biol.  Chem.,  1922,  liii,  431. 
1  Irvine,  J.  C,  and  Scott,  J.  P.,  J.  Chem.  Soc.,  1913,  ciii,  668. 

•  Macdonald,  J.  L.  A.,  J.  Chem.  Soc,  1913,  ciii,  1896. 

4  Karrer,  P.,  and  Hurwitz,  O.,  Helvetica  Chim.  Acta,  1921,  iv,  728. 

•  Irvine,  J.  C,  and  Hogg,  T.  P.,  J.  Chem.  Soc.,  1914,  cv,  1386. 
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According  to  the  theory  of  Irvine  and  Hogg5  the  methylation  of 
diacetone  glucose  should  yield  6-methyl  glucose.  This  on  oxidation 
should  yield  6-methyl  gluconic  add,  whereas  according  to  the  other 
theory  3-methyl  saccharic  acid  should  be  obtained.  On  oxida- 
tion of  the  methyl  glucose  prepared  by  us  l,4-anhydro-3-methyl 
saccharic  acid  of  the  following  structure,  was  obtained. 


o , 

OH       H        j        OH 

O  -  C C C b C COOH 

H       OCH.H       H 

The  reasons  which  led  Irvine  and  Hogg  to  a  different  conclusion 
undoubtedly  lie  in  the  fact  that  they  failed  to  obtain  the  oxidation 
product  of  monomethyl  glucose  in  crystalline  form. 

Work  on  the  acetone  benzylidene  glucose  is  in  progress.6 

EXPERIMENTAL. 

3-Methyl  Glucose. — 30  gm.  of  diacetone,  which  were  prepared 
as  previously  described,  were  methylated  with  an  excess  of  di- 
methyl sulfate  by  the  method  of  Haworth,7  using  150  cc.  of  30 
per  cent  sodium  hydroxide  and  90  cc.  of  dimethyl  sulfate.  The 
temperature  of  the  bath  was  kept  at  70°C.  The  product  of 
methylation  was  extracted  with  ether,  the  ethereal  solution  dried 
with  anhydrous  sodium  sulfate,  and  the  ether  removed  under 
diminished  pressure.  The  colorless  syrup  was  converted  into 
the  free  sugar.  For  this  purpose  it  was  dissolved  (25  gm.)  in 
400  cc.  of  50  per  cent  alcohol  containing  1.6  gm.  of  HC1,  and 
heated  in  boiling  water  with  reflux  for  70  minutes.  The  acid  was 
removed  with  silver  carbonate,  and  the  excess  of  silver  with  H|S. 
The  filtrate  was  decolorized  with  charcoal  and  concentrated  to  a 
syrup  under  diminished  pressure  without  heat.    The  syrup  was 

•  At  the  proof-reading  of  this  communication,  the  latest  publication  of 
Irvine  and  Patterson  (Irvine,  J.  C,  and  Patterson,  J.,  J.  Chem.  Soc.,  1922, 
cxxi,  2116)  has  reached  us.  In  that  publication  they  attribute  to  the  diace- 
tone glucose  the  structure  of  a  7-glucose.  If  that  contention  is  further 
corroborated,  the  position  4  and  not  3  will  have  to  be  assigned  to  the 
methyl  group. 

T  Haworth,W.  N.,  J.  Chem.  Soc,  1915,  cvii,  8. 
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taken  up  in  a  small  amount  of  dry  methyl  alcohol  and  allowed  to 
crystallize  in  an  ice-alcohol  cooling  mixture.  The  crude  product 
was  recrystallized  several  times  from  methyl  alcohol.  The  sub- 
stance was  identical  with  that  described  by  Irvine  and  Scott.1 
It  melted  at  158°.  It  had  the  following  final  optical  rotation  in 
water: 

r  ,..     +1.14°  x  100       ,  „ 

[a]°  =  \X2 +57 

The  substance  analyzed  as  follows: 

0.1030  gm.  substance:  0.1638  gm.  CO*  and  0.0684  gm.  H20. 

CtHuOl    Calculated.    C  43.30,  H  7.22. 
Found.  "  43.36,  "  7.43. 

1,4-Arihydro-S-Methyl  Saccharic  Acid. — 2  gm.  of  methyl  glu- 
cose were  dissolved  in  50  cc.  of  50  per  cent  nitric  acid  and  allowed 
to  stand  at  room  temperature  for  42  hours.  The  solution  was 
then  divided  onto  two  clock-glasses  and  rapidly  evaporated  on  a 
boiling  water  bath  to  complete  dryness.  This  was  moistened 
with  5  cc.  of  50  per  cent  nitric  acid  and  again  evaporated  to  dry- 
ness.   The  residue  was  then  evaporated  twice  with  5  cc.  of  water. 

The  dry  material  was  taken  up  in  acetone  and  ether  from 
which  it  was  obtained  crystalline.  It  sintered  and  turned  dark 
at  190°  and  melted  at  206-207°C. 

The  substance  had  the  following  optical  rotation: 

r  ...      +0.15°  X  100        ,  1KO 
W» 0.5X2       "  +15 

The  substance  analyzed  as  follows: 

0.1077  gm.  substance:  0.1612  gm.  CO*  and  0.0490  gm.  H»0. 

C7H10O7.    Calculated.    C  40.76,  H  4.89. 
Found.  "  40.81,  "  5.09. 

0.1006  gm.  of  substance  dissolved  in  water  required  for  immediate 
titration  5.4  cc .  of  0.1  n  alkali  (phenolphthalein  as  indicator).  On  allowing 
this  solution  to  stand  for  1  hour  with  an  excess  of  0.1  n  NaOH,  10.2  cc.  of 
0.1  N  alkali  were  utilized.  The  theory  for  the  lactone  requires  4.85  cc.  of 
0.1  n  alkali  and  for  the  dibasic  acid  9.70  cc.  of  0.1  x  alkali. 


INTRODUCTION  OF  BENZYLIDENE-l-ETHYD-2- 

DIAZOGLUCONATE. 

By  P.  A.  LEVENE. 
(From  the  Laboratories  of  The  Rockefeller  Institute  for  Medical  Research.) 

(Received  for  publication,  October  28,  1922.) 

It  was  previously  reported  that  benzylidene-l-ethyl-2-diazoglu- 
conate,  on  treatment  with  acetic  acid,  with  dry  hydrogen  chloride, 
and  with  dry  hydrogen  bromide,  is  transformed,  respectively,  into 
the  benzylidene  esters  of  gluconic,  chloromannonic,  and  bromoman- 
nonic  acids.1  In  no  instance  could  the  epimers  of  these  substances 
be  detected.  In  the  present  communication  are  reported  the  re- 
duction experiments  with  aluminum  amalgam.  Two  product* 
are  obtained  as  a  result  of  this  reaction;  one  is  benzylidene-ethyl- 
chitosaminate  and  the  other  5,6-benzylidene-l-ethyl-2-desoxy- 
gluconate  (mannonate).  The  formation  of  the  chitosamine  de- 
rivative took  place  apparently  asymmetrically,  as  the  crude 
product,  judging  from  its  optical  rotation,  contained  no  traces 
of  its  epimer.    The  reaction  proceeded   in  the  following  way: 


COOCjH* 

C  H, 

OH  C  H 

H  C  OH 

H  C O 
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H, 


/ 


CHCeH* 
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NH,  C  H 
OH    C  II 
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■O 
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CHC.H, 


The  desoxygluconic  derivative  was  found   identical   with   the 
product  obtained  earlier  by  the  reduction  of  5,6-benzylidene-l- 

1  Levene,  P.  A.,  J.  Biol.  Chem.,  1922,  liii,  449. 
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ethyl-2, 3-anhydromannonate.  The  formation  of  the  two  products 
in  our  experiments  is  noteworthy  in  connection  with  the  experi- 
ence of  Staudinger  and  his  coworkers.2  On  reduction  of  diazo- 
acetic  ester  with  aluminum  amalgam  they  observed  the  formation 
of  only  one  product;  namely,  glycine  ester.  On  the  other 
hand,  on  reduction  with  hydrogen  gas  in  the  presence  of  palla- 
dium, only  ethyl  acetate  was  formed. 

As  regards  the  mechanism  of  the  formation  of  the  desoxy 
derivative  the  following  possibility  had  to  be  considered.  It  had 
been  mentioned1  that  the  same  substance  was  formed  on  the  reduc- 
tion of  the  anhydro  derivative  of  the  following  composition: 

CH2  •  CH  •  CH  OH  -  CH  OH  -  COH  =  CH  -  COOC &** 

A    i 

CHCeH* 

Since  the  aliphatic  diazo  derivatives  readily  lost  nitrogen  with 
the  formation  of  an  unsaturated  derivative  it  was  necessary  to 
test  whether  on  reduction  with  aluminum  amalgam  the  desoxy 
derivative  was  formed  through  the  intermediate  formation  of  the 
unsaturated  derivative.  In  view  of  this  possibility  it  was 
attempted  to  reduce  with  aluminum  amalgam  the  5,6-benzy- 
lidene-l-amino-2,3-anhydrogluconate.  The  result,  however,  was 
negative. 

EXPERIMENTAL. 

Reduction  of  Benzylidem-l-Ethyl-2-Diazogliuxmate  (Manno- 
nate). — The  reduction  was  accomplished  by  means  of  freshly  pre- 
pared aluminum  amalgam  in  a  solution  of  the  diazo  derivative 
in  isopropyl  alcohol.  The  diazo  derivative  (10  gm.)  is  dissolved 
on  the  boiling  water  bath  in  the  solvent  (100  cc.)  and  to  the  warm 
solution  1.0  gm.  of  freshly  prepared  amalgam  is  added.  A  mild 
evolution  of  gas  sets  in  immediately  and  subsides  in  about  3  horn's. 
The  reaction  product  is  then  filtered  and  a  new  lot  of  amalgam 

*  Staudinger,  H.,  Gaule,  A.,  and  Siegwart,  J.,  Helvetica  Chim.  Acta, 
1921,  iv,  212. 

*  The  substance  should  be  graphically  presented  in  this  form  and  not 
as  on  page  452,  Vol.  liii  of  this  Journal.  The  error  was  overlooked  in 
proof-reading. 
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added.  As  a  rule  three  renewals  of  the  amalgam  were  required 
to  complete  the  reduction.  Evolution  of  ammonia  gas  was 
noted  soon  after  the  beginning  of  the  reaction.  After  the  re- 
duction was  completed  the  clear  filtrate  from  the  aluminum  was 
concentrated  under  diminished  pressure,  and  the  residue,  at  first 
syrupy,  on  standing  turned  into  a  crystalline  mass.  This  was 
transferred  into  an  evaporating  dish  by  means  of  warm  ether 
in  which  the  residue  dissolved  readily.  On  standing  it  soon 
crystallized  in  long  prismatic  needles.  The  yield  of  crystalline 
material  was  1.0  gm.  for  each  10  gm.  of  the  original  material. 
From  the  mother  liquor  further  crops  could  be  obtained.  This, 
however,  was  not  done,  so  as  not  to  affect  the  maximum  yield 
of  the  chitosaminic  acid  derivative  contained  in  the  filtrate. 

The  crystals  were  found  insoluble  in  water  and  in  dilute  aqueous 
mineral  acids,  but  very  soluble  in  ether,  alcohol,  methyl  alcohol, 
and  acetone.  For  analysis  it  was  recrystallized  out  of  ether.  It 
melted  at  124°C.  (corrected)  and  analyzed  as  follows: 

0.1014  gm.  substance:  0.2272  gm.  COi  and  0.0620  gm.  HiO. 

CuHtoOe.    Calculated.    C  60.81,  H  6.76. 
Found.  "  61.10,  "  6.84. 

The  rotation  of  the  substance  was: 

f  ...      -  0.56°  X  100  _       ^n0 

la]° rx"2 —    "  ^ 

Thus  this  substance  was  identical  with  the  benzylidene-1-ethyl- 
2-desoxygluconate  described  in  a  previous  publication.  The  mother 
liquor  contained  the  derivative  of  chitosaminic  acid.  The  original 
mother  liquor  was  taken  up  in  100  cc.  of  2  per  cent  sulfuric  acid 
and  placed  on  a  water  bath  until  all  the  ether  was  evaporated 
and  all  the  benzaldehyde  settled  out  on  the  bottom  of  the  flask 
as  a  yellow  oil.  The  reaction  product  was  cooled,  the  benzalde- 
hyde extracted  with  ether,  and  the  remaining  aqueous  layer 
allowed  to  stand  over  night  with  a  slight  excess  of  baryta  water. 
The  excess  of  barium  was  then  removed  quantitatively  with 
sulfuric  acid.  The  combined  mother  liquors  of  two  experiments 
of  10.0  gm.  each,  were  analyzed  for  amino  nitrogen  and  showed 
after  4  minutes  shaking  0.090  gm.  of  nitrogen,  equivalent  to 
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1.26  gm.  of  chitosaminic  acid.  This  aqueous  solution  was  con- 
centrated under  diminished  pressure  to  a  thick  syrup,  which  was 
transferred  to  a  small  beaker  by  means  of  a  little  methyl  alcohol. 
To  the  solution  methyl  alcohol  was  added  until  a  small  sticky 
precipitate  appeared.  The  beaker  was  placed  on  a  water  bath 
and  the  contents  were  stirred  until  the  chitosaminic  acid  began  to 
crystallize.  The  yield  of  the  crystalline  material  was  0.60  gm. 
This  material  without  further  purification  had  the  optical  rotation: 
Wd  =  — 15.0°  thus  showing  that  it  consisted  only  of  chitosaminic 
acid  without  any  admixture  of  its  epimer.  For  purification  the 
combined  material  obtained  from  60  gm.  diazo  compound  was 
recrystallized  twice  from  dilute  methyl  alcohol.  The  final  sub- 
stance analyzed  as  follows: 

0.0200  gm.  were  dissolved  in  5  cc.  of  water. 
2  cc.  of  this  solution:  (Van  Slyke)  1.07  cc.  N»  at  26°C,  757.4  mm. 

CiHltNOe.    Calculated.    N  7.18. 
Found.  "  7.26. 

Its  optical  rotation  was: 

r  .«      -  0.15°  X  100  1KAO 

l«JD j~xi -  15.0 

In  order  to  test  the  purity  of  the  diazo  derivative  the  substance 
(20.0  gm.)  was  hydrolyzed  with  dilute  sulfuric  acid  and  treated 
in  exactly  the  same  manner  as  described  above.  The  resulting 
solution  showed  the  presence  of  0.003  gm.  of  nitrogen,  practically 
a  negligible  quantity. 

Reduction  of  Bemylidene-l-Amino-2,  3-Anhydrogluconate  (Man- 
nonate). — The  substance  (5.0  gm.)  was  dissolved  in  300  cc.  of 
isopropyl  alcohol  and  freshly  prepared  aluminum  amalgam  wa? 
added   (1.0  gm.).      Only  a  slight  evolution  of  gas  was  note<J 
After  2  hours  the  reaction  product  was  filtered  and  to  the  filtra* 
another  portion  of  aluminum  amalgam  was  added.    The  fla 
was  allowed  to  stand  over  night,  and  the  clear  filtrate  cone* 
trated.     The  residue   crystallized   in   the   distilling  flask.     n 
residue  was  dissolved  in  hot  ether  and  transferred  to  a  crysta 
;^cr  dish.    The  substance  crystallized  very  soon  and  was  filt 
-— q1  hours.     The  mother  liquor  on  evaporation 
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a  very  insignificant  residue.    The  crystalline  material  melted 
at  230°C.  and  analyzed  as  follows: 

0.1068  gm.  substance:  0.2308  gm.  CO*  and  0.0564  gm.  HaO. 
CnHisNOi.    Calculated.    C  58.84,  H  5.70. 
Found.  "  58.90,  "  5.90. 

The  optical  rotation  was: 

u\u  -  ~  1.32°  x  100         ft,  no 
1  Jd T3T2  0b,° 
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Alfalfa  hay: 

Calcium  assimilation  in 
milking  cow,  effect  on 
(Hart,  Steenbock, 
Hoppert,  Bethke,  and 
Humphrey)  78 

—  content  of  blood,  effect 
on  (Hart,  Steenbock, 
Hoppert,  Bethke,  and 
Humphrey)  84 
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Alfalfa  hay — continued: 

Phosphorus  balance  in 
milking  cow,  effect  on 
(Hart,  Steenbock, 
Hoppert,  Bethke,  and 
Humphrey)  78 

—  content  of  blood,  effect 
on  (Hart,  Steenbock, 
Hoppert,  Bethke,  and 
Humphrey)  82 

Alkali: 

Ether  hyperglycemia,  ef- 
fect on  (Tatum  and 
Atkinson)  344 

Titratable,  of  blood,  de- 
termination of  (Green- 
wald  and  Lewman) 

263 
Alkalosis: 

Tetany,  relation  to 
(Greenwald)  285 

Ammonia: 

Blood,  determination  in 
(Denis)  695 

Excretion  (Hubbard  and 
Munford)  465 

— ,      factors      influencing 
(Hubbard    and    Mun- 
ford) 468 
Ammonium  salts : 

Comparative  toxicity 

(Underhill  and  Kapsi- 
now)  451 

Anacidity: 

Ammonia      excretion      in 
(Hubbard    and    Mun- 
ford) 475 
1 , 4- Anhydro  -  3  -  methylsaccha- 
ric  acid: 

3-Methylglucose,  prepara- 
tion from  (Levene  and 
Meyer)  807 
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Antiketogenesis : 

Diabetes  (Shaffer) 

399 
Apparatus: 

Colorimeter  for  bicolori- 
metric  work  (Myers) 

675 

Arabinose: 

Fermentation  by     molds 

(Peterson,  Fred,   and 

Schmidt)  21 

Arachidonic  acid : 

Cephalins,  brain,  isolation 
from  (Levene  and  Rolf) 

97 

Lecithins,  brain,  isolation 

from       (Levene       and 

Rolf)  99 

Arginine: 

Protein  of  tubercle  bacilli, 
content  of  (Johnson  and 
Brown)  729 

Ash: 

Bone  content  in  rickets 
(McCann  and  Bar- 
nett)  203 

Tubercle  bacilli,  content  of 
(Johnson  and  Brown) 

725 
Aspergillus : 

flavus,  pentoses,  fermenta- 
tion of,  by  (Peterson, 
Fred,  and  Schmidt) 

21 

fumigatus,  pentoses,  fer- 
mentation of,  by 
(Peterson,  Fred,  and 
Schmidt)      .  21 

globosiis  v.9  pentoses,  fer- 
mentation of,  by 
(Peterson,  Fred,  and 
Schmidt)  21 

niger,  carbon  dioxide  from 
xylose  by  (Peterson, 
Fred,  and  Schmidt) 

27 


Aspergillus — continued: 

niger,  elementary  composi- 
tion (Peterson,  Fred, 
and  Schmidt)  30 

— ,  pentoses,  fermentation 
of,  by  (Peterson, 
Fred,  and  Schmidt) 

21 

oryzce,  pentoses,  fermen- 
tation of,  by  (Peterson, 
Fred,  and  Schmidt) 

21 

repens,  pentoses,  fermen- 
tation of,  by  (Peterson, 
Fred,  and  Schmidt) 

21 

sp.,  elementary  composi- 
tion (Peterson,  Fred, 
and  Schmidt)  30 

— ,  pentoses,  fermentation 
of,  by  (Peterson,  Fred, 
and  Schmidt)  21 

Asphyxia: 

Blood  sugar  in  dogfish, 
effect  on  (Denis)      697 

Carbon  monoxide,  alkaline 
reserve  of  blood,  effect 
on  (Tatum  and  Atkin- 
son) 332 

,  blood  sugar,  effect 

on  (Tatum  and  Atkin- 
son) 332 

Drug  hyperglycemias,  re- 
lation to  (Tatum  and 
Atkinson)  331 

11  Atmungskorper :' ' 

Glutathione,  relation  of 
(Hopkins  and  Dixon) 

540 
Autolysis: 

Spleen,  acids,  effect  of 
(Hedin)  190 

B 

Banana  gel : 

Properties  (Falk  and  Mc- 
Guire)  665 
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Basal  metabolic  rate : 

Comparison  of  methods 
(Boothby  and  Sandi- 
ford)  767 

Disease,  differentiation  of 
(Boothby  and  Sandi- 
ford)  801 

Factors  influencing 

(Boothby    and    Sandi- 
ford)  787 

Normal  standards  for 
(Boothby  and  Sandi- 
ford)  783 

Benedict  method : 

Blood    sugar,    comparison 

of,       with       Folin-Wu 

method     (Csonka    and 

Taggart)  1 

Benzoyldiethyl  malate : 

Diazodiethyl  succinate, 
preparation  from  (Le- 
vene  and  Mikeska) 

101 

Benzylidene  -ethyl  -  chitosamin- 
ate: 

Preparation  (Levene) 

811 

5, 6-Benzylidene-l-ethyl-2-des- 
ozygluconate : 

Preparation  (Levene) 

811 

Benzylidene  -  2  -  ethyl  -  6  -  diazo- 
gluconate : 

Reduction  (Levene) 

810 

Bicarbonate: 

Urine,  cat,  content  after 
milk  diet  (Pucher  and 
Cori)  567 

Blood: 

Alkali,  titratable,  deter- 
mination of  (Green- 
wald  and  Lewman) 

263 

Alkaline  reserve,  carbon 
monoxide   asphyxia,   ef- 


Blood — continued: 

feet    on    (Tattjm    and 
Atkinson)  332 

—  — ,  ether  anesthesia, 
effect  of  (Tatum  and 
Atkinson)  342 

—  — ,  sodium  cyanide, 
effect  on  (Tatum  and 
Atkinson)  333 

,  —  iodoxybenzoate, 

effect    on   (Tatum   and 
Atkinson)  335 

—  — ,  —  —  and  epi- 
nephrine, effect  of 
(Tatum  and  Atkinson) 

337 

Ammonia,  determination 
of  (Denis)  695 

Analysis,  factors  affecting 
(Austin,  Cullen,  Has- 
tings, McLean,  Peters, 
and  Van  Slyke)        127 

— ,  formulas  for  (Austin, 
Cullen,  Hastings, 

McLean,   Peters,  and 
Van  Slyke)  145 

— ,  system  of  (Folin) 

153 

— ,  technique  for  (Austin, 
Cullen,  Hastings, 

McLean,  Peters,  and 
Van  Slyke) 

121 

Arterial,  carbon  dioxide 
and  chloride  concentra- 
tions (Doisy  and  Beck- 
mann)  m      686 

Beef,  combined  uric  acid 
of  (Davis,  Newton,  and 
Benedict)  595 

Bicarbonate  content,  oxy- 
genation, effect  of  (Van 
Slyke,  Hastings,  and 
Neill)  507 

,  reduction,  effect  of 

(Van  Slyke,  Hastings, 
and  Neill)  507 
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Blood — continued: 

Buffers,  evaluation  of 
(Doisy,  Briggs,  Eaton, 
and  Chambers)         305 

Calcium  content,  high 
and  low  calcium  intake, 
effect  of  (Hart,  Steen- 

B0CK,H0PPERT,  BETHKE, 

and  Humphrey)  86 

Carbon  dioxide  capacity, 
oxygen  unsaturation,  ef- 
fect of  (Doisy,  Briggs, 
Eaton,  and  Chambers) 

310 

—  —  content,  reversi- 
bility of,  effect  of  low 
CO*  tension  (Peters, 
Cullen,  and  Austin) 

149 

—  —  —  reversibility 
of,  effect  of  low  oxygen 
tension  (Peters,  Cui/- 
len,  and  Austin) 

150 
Centrifugation  without  loss 
of  CO*   (Austin,    Cul- 
len, Hastings,  McLean, 
Peters,  and  Van  Slyke) 

131 
Chicken,     combined     uric 
acid  present  in    (New- 
ton and  Davis) 

603 
Chloride  content  after  fast- 
ing    (Underhill     and 
Wakeman)  705 

—  —  —  hemorrhage, 
(Underhill  and  Wake- 
man)  704 

— ,  determination,  sources 
of  error  (Greenwald 
and  Gross)  589 

Clotting,  lithium  oxalate, 
effect  of  (Folin) 

164 

Collection,  technique  for 
(Austin,  Cullen,  Hast- 


Blood — continued: 

ings,  McLean,  Peters, 
and  Van  Slyke) 

121 

Composition,  disodium  hy- 
drogen phosphate,  effect 
of  (Tisdall)  36 

— ,  phosphoric  acid,  effect 
of  (Tisdall)  36 

Concentration,  histamine, 
effect  of  (Underhill 
and  Roth)  607 

— ,  pilocarpin,  effect  of 
(Underhill  and  Roth) 

607 

— ,  water  deprivation,  ef- 
fect of  (Underhill  and 
Kapsinow)  459 

(Underhill  and  Roth) 

607 

— ,  — ,  effect  of,  after 
water  deprivation  (Un- 
derhill and  Kapsinow) 

459 

Dog,  combined  uric  acid 
present  in  (Newton  and 
Davis)  603 

Gas  and  electrolyte  equi- 
libria (Austin,  Cullen, 
Hastings,  McLean,  Pe- 
ters, and  Van  Slyke) 

121 
(Van  Slyke,  Hastings, 
Heidelberger,  and 
Neill) 

481 
(Van  Slyke,  Hastings, 
and  Neill)  507 

Gastric  tetany,  changes  in 
(Tisdall)  40 

Hemoglobin  content  after 
fasting  (Underhill  and 
Wakeman)  705 

—  —  —  hemorrhage 
(Underhill  and  Wake- 
man) 704 
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Blood — continued: 

Horse,  combined  uric  acid 
present  in  (Newton  and 
Davis)  603 

Human,  combined  uric 
acid  present  in  (New- 
ton and  Davis) 

603 

— ,  titratable  alkali  under 
various  pathological  con- 
ditions (Greenwald 
and  Lewman)  278 

— ,  uric  acid,  determina- 
tion of  (Benedict) 

233 

Marine  fish,  non-protein 
organic  constituents 

(Denis)  693 

Organic  ion  balance  in 
parathyroid  tetany 

(Gross  and  Under- 
hill)  105 

Oxygenated,  buffer  value 
(Van  Slyke,  Hastings, 
and  Neill)  507 

Pig,  combined  uric  acid 
present  in  (Newton  and 
Davis)  603 

Preservation  (Austin, 

Cullen,  Hastings, 
McLean,  Peters,  and 
Van  Slyke)  130 

Reduced,  buffer  value 
(Van  Slyke,  Hastings, 
and  Neill)  507 

Sampling  (Austin, 

Cullen,  Hastings, 

McLean,  Peters,  and 
Van  Slyke) 

131 

Saturation  (Austin, 

Cullen,  Hastings, 
McLean,  Peters,  and 
Van  Slyke)  132 

Sheep,  combined  uric  acid 
present  in  (Newton  and 
Davis)  603 


Blood — continued: 

Sugar,  carbon  monoxide 
asphyxia,  effect  on 
(Tatum  and  Atkinson) 

332 

— ,  determination  of 
(Csonka  and  Taggart) 

1 

— ,  dogfish,  asphyxia,  effect 
of  (Denis)  796 

— ,  ether  anesthesia,  effect 
of  (Tatum  and  Atkin- 
son) 342 

— ,  —  and  epinephrine, 
effect  of  (Tatum  and 
Atkinson) 

346 

— ,  sodium  cyanide,  effect 
of  (Tatum  and  Atkin- 
son) 333 

— ,  —  iodoxybenzoate, 
effect  of  (Tatum  and 
Atkinson) 

335 

Uric  acid,  determination  of 
(Folin)  153 

Venous,  carbon  dioxide 
and  chloride  concentra- 
tions (Doisy  and  Beck- 
mann)  686 

— , ,  distribution  in 

(Doisy  and  Beckmann) 

689 

Volume,    rabbits,    sodium 
chloride,        effect       of 
(Underbill  and  Wake- 
man)  708 
Bone: 

Ash  content  in  rickets 
(McCann  and  Bab- 
nett)  203 

Bone  meal: 

Calcium  assimilation  in 
milking  cow,  effect  on 
(Habt,  Steenbock, 
Hoppert,  Bethke,  and 
Humphrey)  78 
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Bone  meal — continued: 

Phosphorus  balance  in 
milking  cow,  effect  on 
(Hart,  Steenbock, 
Hoppert,  Bethke,  and 
Humphrey)  78 

—  content  of  blood,  effect 
on  (Hart,  Steenbock, 
Hoppert,  Bethke,  and 
Humphrey)  82 

Breathing : 

Saliva,  human,  hydrogen 
ion  concentration,  effect 
on  (Starr)  59 

Brevoortia  tyrannus: 

See  Menhaden. 
Buffers : 

Blood,  evaluation  of 
(Doisy,  Briggs,  Eaton, 
and  Chambers) 

305 
Buffer  value : 

Blood,  oxygenated  and  re- 
duced (Van  Slyke, 
Hastings,  and  Neill) 

507 

Hemoglobin,  reduced  (Van 

Slyke,  Hastings,  Hei- 

DELBERGER,  and  NEILL) 

481 

Oxyhemoglobin  (Van 

Slyke,  Hastings,  Hei- 

DELBERGER,    and  NEILL) 

481 
Butter  fat : 

Calcium  metabolism,  ef- 
fect on  (Bogert  and 
Trail)  387 

Metabolism,  inorganic,  ef- 
fect on  (Bogert  and 
Trail)  753 

Butylethylmalonic  acid : 

Preparation  (Levene  and 
Taylor)  354 

Butylheptylmalonic  acid : 

Preparation  (Levene  and 
Taylor)  358 


2-Butylhexyl  iodide : 

Preparation  (Levene  and 

Taylor)  357 
2-Butylnonanol : 

Preparation  (Levene  and 

Taylor)  359 
2-Butylnonylic  acid : 

Preparation  (Levene  and 

Taylor)  358 
2-Butylnonyl  iodide: 

Preparation  (Levene  and 

Taylor)  359 
4-Butyloctyl  iodide : 

Preparation  (Levene  and 

Taylor)  357 
Butyric  acid : 

5-Methylnonane,  oxidation 

product  of  (Levene  and 

Taylor)  359 


Calcium: 

Assimilation  in  milking 
cow,  alfalfa  hay,  effect 
of  (Hart,  Steenbock, 
Hoppert,  Bethke,  and 
Humphrey)  78 

—  — f  bone  mealy 

effect  of  (Hart,  Steen- 
bock, Hoppert,  Bethke, 
and  Humphrey) 

78 

,  timothy  hay, 

effect  of  (Hart,  Steen- 
bock, Hoppert,  Bethke  , 
and  Humphrey)  78 

Blood  content,  fasting,  ef- 
fect of  (Gross  and 
Underhill)  108 

—  — ,  high  and  low  cal- 
cium intake,  effect  of 
(Hart,  Steenbock, 
Hoppert,  Bethke,  and 
Humphrey)  86 

,  parathyroidectomy, 

effect  of  (Gross  and 
Underhill)  109 
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Calcium — continued: 

Distribution  in  body  in 
rickets  (McCann  and 
Barnett)  203 

Metabolism  (Gross  and 
Underhill)  118 

— ,  acid-forming  diet,  ef- 
fect of  (Boqert  and 
Kirkpatrick)  375 

— ,  base-forming  diets,  ef- 
fect of  (Bogert  and 
Kirkpatrick)  375 

— ,  butter  fat,  effect  of 
(Bogert  and  Trail) 

387 

— ,  calcium  lactate,  effect 
of  (Bogert  and  Mc- 
Kittrick)  363 

— ,  magnesium  citrate,  ef- 
fect of  (Bogert  and 
McKittrick)  363 

— ,  vitamines,  effect  of 
(Bogert  and  Trail) 

387 

— ,  yeast,  effect  of  (Bogert 
and  Trail)  387 

Rat  tissue,  content  of 
(Buckxer  and  Peter) 

7 

Serum  content,  disodium 
hydrogen  phosphate,  ef- 
fect of  (Tisdall) 

36 

,    phosphoric    acid, 

effect  of  (Tisdall) 

36 
Calcium  lactate: 

Calcium  metabolism,  ef- 
fect on  (Bogert  and 
McKittrick)  363 

Magnesium  metabolism, 
effect  on  (Bogert  and 
McKittrick) 

363 

Tetany,  effect  on  (Gross 
and  Underhill) 

110 


Carbohydrates: 

Ketogenic-antiketogenic 
influence  (Shaffer) 

405 
Carbon  dioxide : 

Alveolar,  hydrogen  ion 
concentration  of  saliva, 
effect  on  (Starr) 

56 
Blood,  arterial  and  venous, 
concentration  in  (Doist 
and  Beckmann) 

686 

—  content,  reversibility  of, 

effect  of  low  CO*  tension 

(Peters,   Cullen,   and 

Austin)  149 

, ,  effect  of  low 

oxygen  tension  (Peters, 
Cullen,  and  Austin) 

150 

— ,  venous,  distribution  in 

(Doist  and  Beckmann) 

689 

Capacity,    blood,    oxygen 

unsaturation,    effect    of 

(Doist,  Briggs,  Eaton, 

and  Chambers) 

310 
Tension  and  blood  content 
of        carbon        dioxide 
(Peters,    Cullen,    and 
Austin)  149 

Xylose,  production  from, 
by  Aspergillus  niger 
(Peterson,  Fred,  and 
Schmidt)  27 

— , ,  —   PeniciUium 

glaucum        (Peterson, 
Fred,  and  Schmidt) 

29 
Carbon  monoxide : 

Asphyxia,  blood  sugar,  ef- 
fect on  (Tatum  and 
Atkinson)  332 

Carcharias  littoralis : 
See  Sand  shark. 
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Carcharinus  obscurus: 
See  Dusky  shark. 

Casein: 

Tryptophane  content 

(May  and  Rose) 

215 
Cephalins: 

Brain,  unsaturated  fatty 
acids  of  (Levene  and 
Rolf)  91 

Chlorides : 

Blood,  arterial  and  venous, 
concentration  in  (Doisy 
and  Beckmann) 

686 

—  content  after  fasting 
(Gross  and  Underhill) 

108 
(Underhill  and  Wake- 
man)  705 

—  —  —  hemorrhage 
(Underhill  and  Wake- 
man)  704 

—  —  of  fasting  rabbits, 
sodium  chloride,  effect 
of  (Underhill  and 
Wakeman)  708 

—  —  —  fasting  rabbits, 
sodium  tartrate,  effect  of 
(Underhill  and  Wake- 
man)  705 

,  parathyroidectomy, 

effect  of  (Gross  and 
Underhill)  109 

— ,  determination,  sources 
of  error  (Greenwald 
and  Gross)  589 

Colorimeter: 

Bicolorimetric  work  (My- 
ers) 675 
Wedge  (Myers)  676 

Colorimetric  readings: 

Hydrogen  ion  concentra- 
tion, conversion  chart 
(McClendon) 

647 


Corpuscles: 

Arterial,  volume  of  (Doisy 
and  Beckmann) 

690 

Beef  blood,  combined  uric 
acid  content  (Newton 
and  Davis)  601 

Venous  blood,  carbon  di- 
oxide content  (Doisy 
and  Beckmann) 

689 

,  volume  of   (Doisy 

and  Beckmann)        690 

Creatine: 

Blood  of  marine  fish,  con- 
tent of  (Denis) 

694 

Esterification     (Dox    and 

Yoder)  671 

Total  excretion,  constancy 

of,  in  children  (Harding 

and  Gaebler) 

579 
Creatine  n-butyl  ester  hydro- 
chloride : 
Preparation      (Dox     and 
Yoder)  672 

Creatine    ethyl    ester    hydro- 
chloride: 
Preparation      (Dox     and 
Yoder)  672 

Creatine  methyl  ester  hydro- 
chloride: 

Preparation  (Dox      and 

Yoder)  671 

Creatinine: 

Blood  of  marine  fish,  con- 
tent of  (Denis) 

694 

Creatinuria: 

Age,  effect  of  (Harding 
and  Gaebler) 

583 
Sex,    effect    of    (Harding 
and  Gaebler) 

583 
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Cunner: 

Blood,  non-protein  nitro- 
gen of  (Denis) 

694 
Cunninghamella : 

sp.,  pentoses,  fermentation 
of,  by  (Peterson,  Fred, 
and  Schmidt)  21 

Cystine: 

Protein  of  tubercle  bacilli, 

content  of  (Johnson  and 

Bbown)  729 

Urine,     determination     in 

(Looney)  171 

Cytosine: 

Tubercjulinic  acid,  isolation 
from  (Johnson  and 
Brown)  734 


Diabetes : 

Ketogenio-antiketogenic 
balance,   significance  of 
(Shaffer)  399 

Diacetone  glucose : 

Constitution  (Levene  and 

Meyer)  805 

Methylation  (Levene  and 

Meyer)  806 

Diazo  compounds: 

Aliphatic,  asymmetry  of 
(Levene  and  Mikeska) 

101 
Diazodiethyl  succinate : 

Benzoyldiethyl  malate, 
conversion  into  (Levene 
and  Mikeska) 

101 
Diet: 

Acid-forming,  calcium  me- 
tabolism, effect  on 
(Bogert  and  Kirk- 
patrick)  375 

Base-forming,  calcium  me- 
tabolism, effect  on 
(Bogert  and  Kirk- 
patrick)  375 


Diet — continued: 

Calcium  distribution  in 
body  in  rickets,  effect  on 
(McCann  and  Bab- 
nett)  203 

Ketogenic  balance,  effect 
on  (Shaffer)  436 

Phosphorus  distribution  in 
body  in  rickets,  effect 
on  (McCann  and  Bar- 
nett)  203 

Rickets,  effect  on  (McCol- 

LT7M,  SlMMONDS,  BECKER, 

and  Shipley)  249 

Diethyl  butylethyimalonate: 
Preparation  (Levene  and 
Taylor)  353 

Diethyl  butylhepty lmalonate : 
Preparation  (Levene  and 
Taylor)  358 

Diethyl  malate : 

Benzoic  acid,  action  of 
(Levene  and  Mikeska) 

103 

Diethyl    1-methylheptylmalon- 

ate: 

Preparation  (Levene  and 

Taylor)  355 

Dihydrostrophanthidin : 

Preparation  (Jacobs  and 
Heidelberger) 

259 
Dihydrostrophanthidin        ben- 
zoate: 
Preparation   (Jacobs  and 
Heidelberger) 

261 
Disease : 

Basal  metabolic  rate,  dif- 
ferentiation by  (Booth- 
by  and  Sandiford) 

801 

Disodium  hydrogen  phosphate: 

Blood   composition,   effect 

on  (Tisdall)  36 

Tetany  production,  effect 

on  (Tisdall)  36 
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Dogfish: 

Blood,  non-protein  nitro- 
gen of  (Denis) 

694 
Du  Bois  method: 

Basal  metabolic  rate 
(Boothby  and  Sandi- 
ford)  761 

Dusky  shark: 

Blood,  non-protein  nitro- 
gen of  (Denis) 

694 

E 
Edestin: 

Tryptophane  content  (May 
and  Rose) 

215 
Egg  albumin: 

Tryptophane  content  (May 
and  Rose) 

215 
Emotional  excitation: 

Saliva,  human,  hydrogen 
ion  concentration  of 
(Starr)  62 

Enzymes: 

Proteolytic,  of  spleen 
(Hedin)  177 

Epinephrine : 

Sodium  iodoxybenzoate 
and,  alkaline  reserve,  ef- 
fect on  (Tatum  and 
Atkinson)  337 

Erepsin : 

Spleen,  presence  in 
(Hedin)  178 

Ether: 

Blood  sugar,  effect  on 
(Tatum  and  Atkinson) 

342 
Ethyl  2-butylnonylate : 

Preparation  (Levene  and 
Taylor)  358 

Ethyl  2-ethylhexylate : 

Preparation  (Levene  and 
Taylor)  354 


2-Ethylhexanol: 

Preparation  (Levene  and 

Taylor)  354 
2-Ethylhezylic  acid : 

Preparation  (Levene  and 

Taylor)  354 
2-Ethylhezyl  iodide: 

Preparation  (Levene  and 

Taylor)  354 
Ethyl  3-methylnonylate : 

Preparation  (Levene  and 

Taylor)  356 


Fasting: 

Blood  chloride  content, 
effect  on  (Underbill 
and  Wakeman)' 

705 

—  hemoglobin  content,  ef- 
fect on  (Underbill  and 
Wakeman)  705 

— ,  inorganic  ions  of,  ef- 
fect on  (Gross  and 
Underhill)  108 

Urinary  composition  in 
rabbits,  effect  on  (Under- 
hill and  Kapsinow) 

718 
Fat: 

Ketogenic-antiketogenic  in- 
fluence (Shaffer) 

405 

Tubercle    bacilli,    content 

of  (Johnson  and  Brown) 

724 
Feces: 

Calcium  content,  acid-  and 
base-forming  diets,  ef- 
fect of  (Bogert  and 
Kirkpatrick)  380 

—  —  after  butter  fat 
feeding  (Bogert  and 
Trail)  387 

—  —  —  calcium  lactate 
(Bogert  and  McKit- 
trick)  363 
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Feces — continued: 

Calcium  content,  after 
magnesium  citrate  (Bog- 
ert  and    McKittrick) 

363 

—  — ,  yeast,  effect  of 
(Bogert  and  Trail) 

387 
Magnesium  content  after 
butter  fat  feeding 
(Bogert  and  Trail) 

753 

—  —  —  calcium  lactate 
(Bogert  and  McKit- 
trick) .    363 

magnesium  citrate 

(Bogert    and    McKit- 
trick) 363 

—  —  —  yeast  feeding 
(Bogert  and  Trail) 

753 
Phosphorus  content  after 
butter  fat  feeding 
(Bogert  and  Trail) 

753 

—  —  —  yeast  feeding 
(Bogert  and  Trail) 

753 
Fermentation: 

Pentoses  by  molds  (Peter- 
son, Fred,  and 
Schmidt)  19 

Folin-Wu  method : 

Blood  sugar,  comparison 
of,  with  Benedict  method 
(Csonka  and  Taggart) 

1 
Formaldehyde: 

Uric  acid  compound 
(Folin)  156 

Formic  acid: 

Methyl  alcohol  poisoning, 

excretion  in   (Benedict 

and  Harrop)  449 

Urine,     determination     in 

(Benedict  and  Harrop) 

443 


Formic  acid — continued: 

Urine,  occurrence  in  (Bene- 
dict and  Harrop) 

446 
Fructose : 

Glucose  mixture,  analysis 

of  (Cajori)  622 

Iodine,       reaction      with 

(Cajori)  618 

Fuconic  amide : 

Preparation  (Clark) 

71 
Fucose : 

Preparation  (Clark) 

68 

Structure  (Clark) 

65 

G 
Gliadin: 

Tryptophane  content* 

(May  and  Rose) 

Glucose : 

Determination  by  means  of 
iodine  (Cajori) 

621 
Fructose,  determination  in 
mixture  of  (Cajori) 

622 

Iodine,       reaction       with 

(Cajori)  618 

Molds,    fermentation     by 

(Peterson,   Fred,   and 

Schmidt)  24 

Sucrose  mixture,   analysis 

of  (Cajori)  622 

Glutathione : 

"Atmungskorper,"  relation 
to  (Hopkins  and  Dixon) 

540 
Methylene  blue,  reduction 
of,    by    (Hopkins    and 
Dixon)  529 

Oxidation-reduction  sys- 
tem, thermostable  (Hop- 
kins and  Dixon) 

527 
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lutathione — continued: 

Respiratory  systems  of  tis- 
sues, relation  to  (Hop- 
kins and  Dixon) 

538 
Stability     (Hopkins     and 
Dixon)  537 

luten : 

Maize,  tryptophane  con- 
tent (May  and  Rose) 

215 
lutenin: 

Tryptophane  content  (May 
and  Rose) 

215 
lycinin: 

Tryptophane  content  (May 
and  Rose) 

215 
rowth: 

Yeast  dosage  and  (Os- 
borne and  Mendel) 

739 


H 


arris  and  Benedict  method : 
Basal       metabolic       rate 
(Boothby    and    Sandi- 
ford)  767 

eat  production : 

Age,  relation  of  (Boothby 
and  Sandiford) 

776 
Sex,  relation  of  (Boothby 
and  Sandiford) 

778 
Surface   area,    relation   to 
(Boothby    and    Sandi- 
ford) 767 
emoglobin: 

Blood  content  after  fasting 
(Underhill  and  Wake- 
man)  705 
—  —  —  hemorrhage 
(Underbill  and  Wake- 
man)  704 


Hemoglobin — continued: 

Blood  content  of  fasting 
rabbits,  sodium  chloride, 
effect  of  (Underhill  and 
Wakeman)  708 

fasting  rabbits, 

sodium  tartrate,  effect  of 
(Underhill  and  Wake- 
man)  705 

Buffer  value  (Doisy. 
Briggs,  Eaton,  ana 
Chambers) 

309 

Reduced,  alkali-binding 
value  (Van  Slyke, 
Hastings,  Heidelber- 
ger,  and  Neill) 

481 

— ,  buffer  value  (Van 
Slyke,  Hastings, 

Heidelberger,  and 
Neill)  481 

Hemolysis : 

Gas  and  electrolyte  equi- 
libria in  blood,  effect  on 
(Austin,  Cullen,  Hast- 
ings, McLean,  Peters, 
and  Van  Slyke) 

127 

Hemorrhage : 

Blood  chloride  content,  ef- 
fect on  (Underhill  and 
Wakeman) 

704 

—  hemoglobin  content,  ef- 
fect on  (Underhill  and 
Wakeman)  704 

Histamine: 

Blood  concentration  in 
rabbit,  effect  on  (Under- 
hill and  Roth) 

607 

Histidine : 

Protein  of  tubercle  bacilli, 
content  of  (Johnson  and 
Brown)  729 
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Humin: 

Protein  of  tubercle  bacilli, 
content  of  (Johnson  and 
Brown)  729 

Hydrocarbons : 

Tertiary,  oxidation  of 
(Levene  and  Taylor) 

351 
Hydrochloric  acid : 

Alkali,  titratable,  of  blood, 
effect  on  (Greenwald 
and  Lewman)  275 

Ether  hyperglycemia,  ef- 
fect on  (Tatum  and 
Atkinson)  344 

Spleen  enzymes,  action  on 
(W        (Hedin)  187 

Hydrogen  ion  concentration: 
Colorimetric  readings,  con- 
version chart  for   (Mc- 
Clendon)  647 

Saliva,  dilution,  effect  of 
(Starr)  47 

— ,  human,  alveolar  carbon 
dioxide,  effect  of  (Starr) 

56 
— ,    — ,    deep    breathing, 
effect  of  (Starr) 

59 
— ,  — ,   emotional  excita- 
tion, effect  of  (Starr) 

62 
— ,  — ,  mixed  (Starr) 

49 

— ,  — ,  sodium  bicarbonate, 

effect  of  (Starr)  56 

Scrum,     phosphoric    acid, 

effect  of  (Tisdall)    * 

36 
Hydrogen  peroxide : 

Tissue,  reducing  power,  ef- 
fect  on    (Hopkins   and 
*     Dixon)  533 

Hyperglycemias : 

Drug,  asphyxia,  relation  of 
(Tatum  and  Atkinson) 

331 


Hyperglycemias — continued: 
Epinephrine,  sodium 

iodoxybenzoate,  effect 
of  (Tatum  and  Atkin- 
son) 347 
Ether,  alkali,  effect  of 
(Tatum  and  Atkinson) 

344 
— ,  hydrochloric  acid,  ef- 
fect    of     (Tatum    and 
Atkinson)  344 


Indole : 

Nitrogen  metabolism  of 
rabbit,  effect  on  (Under- 
hill  and  Kapsinow) 

717 
Iodine: 

Fructose,  reaction  with 
(Cajori)  618 

Glucose,  oxidation  of 
(Cajori)  618 

Maltose,  reaction  with 
(Cajori)  625 

Organic,  iodine  content  of 
hyperplastic  thyroid 
giand,  effect  on  (van 
Dyke)  12 

Thyroid  gland,  distribu- 
tion in  hyperplastic, 
after  intravenous  injec- 
tion of  iodine  compounds 
(van  Dyke)  11 

Isoquercitrin: 

Maize,  brown-husked,  iso- 
lation from  (Sando  and 
Bartlett) 

636 
Isostrophanthidin : 

Preparation  (Jacobs  and 
Heidelberger) 

261 
Isostrophanthidin  benzoate: 
Preparation    (Jacobs   and 
Heidelberger) 

261 
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Ketogenic-antiketogenic      bal- 
ance: 

Diabetes,    significance    in 
(Shaffer)  399 

Ketogenic  balance : 

Calculation  (Shaffer) 

407 
Factors  influencing  (Shaf- 
fer) 436 
Practical            significance 
(Shaffer)  435 
Ketosis: 

Threshold  (Shaffer) 

433 


Lactalbumin: 

Tryptophane  content 

(May  and  Rose) 

215 

Lactic  acid : 

Alkali,  titratable,  of  blood, 
effect  on  (Greenwald 
and  Lewman)  275 

Lactose : 

Cat,  metabolism  by 
(Pucher  and  Cori) 

577 

Lard: 

Vitamine  A  content  (Mal- 
lon  and  Clark) 

763 
Lecithins : 

Brain,  unsaturated  fatty 
acids  of  (Levene  and 
Rolf)  99 

Legumin : 

Tryptophane  content 

(May  and  Rose) 

215 

Lithium  oxalate : 

Blood  clotting,  prevention 
of  (Folin)  164 

Preparation  (Folin) 

164 


Lysine: 

Protein  of  tubercle  bacilli, 
content  of  (Johnson  and 
Brown)  729 

M 

Magnesium: 

Blood  content,  fasting,  ef- 
fect of  (Gross  and 
Underhill)  108 

,  parathyroidectomy, 

effect    of    (Gross    and 
Underhill)  109 

Colorimetric  determinj^- 
tion  (Hammett  and 
Adams)  565 

Metabolism,  butter  fat, 
effect  of  (Bogert  and 
Trail)  753 

— ,  calcium  lactate,  effect 
of  (Bogert  and  McKit- 
trick)  363 

— ,  magnesium  citrate,  ef- 
fect of  (Bogert  and 
McKittrick)  363 

— ,  yeast,  effect  of  (Bogert 
and  Trail)  753 

Rat  tissue,  content  of 
(Buckner  and  Peter) 

7 
Magnesium  citrate: 

Calcium  metabolism,  ef- 
fect on  (Bogert  and 
McKittrick)  363 

Magnesium  metabolism,  ef- 
fect on  (Bogert  and 
McKittrick)  363 

Maize: 

Mendelian  color  types, 
pigments  of  (Sando  and 
Bartlett)  629 

Maltose : 

Iodine,  reaction  with 
(Cajori)  625 

Menhaden : 

Blood,  non-protein  nitro- 
gen of  (Denis)  694 
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Metabolism: 

Calcium      (Bogert      and 

McKittrick)  363 

— ,  acid  and  base-forming 

diets,  effect  of  (Bogert 

and  Kirkpatrick) 

375 
— ,    butter   fat,    effect   of 
(Bogert  and  Trail) 

387 
— ,  yeast,  effect  of  (Bogert 
and  Trail)  387 

Inorganic  (Bogert  and 
Trail)  753 

—  salts  (Gross  and 
Underhill)  105 

Lactose  by  cat  (Pucher 
and  Cori)  577 

Magnesium  (Bogert  and 
McKittrick)  363 

Milk  by  cats  (Pucher 
and  Cori)  567 

Nitrogen,  indole,  effect  of 
(Underhill  and  Kapsi- 
now)  717 

— ,  skatole,  effect  of  (Un- 
derhill and  Kapsinow) 

717 
Methyl  alcohol : 

Poisoning,  formic  acid  ex- 
cretion in  (Benedict 
and  Harrop) 

449 
5-Methyl-dodecane : 

Preparation  (Levene  and 
Taylor)  359 

Methylene  blue: 

Glutathione,  reduction  by 
(Hopkins   and    Dixon) 

529 
3-Methylglucose : 

Diacetone  glucose,  prepa- 
ration from  (Levene 
and  Meyer)  806 

3-Methylheptane : 

Preparation  (Levene  and 
Taylor)  355 


3-Methylnonane : 

Preparation  (Levene  and 
Taylor)  356 

5-Methylnonane : 

Oxidation     (Levene    and 

Taylor)  359 

Preparation  (Levene  and 

Taylor)  357 

3-Methylnonanol : 

Preparation  (Levene  and 
Taylor)  356 

3-Methylnonylic  acid : 

Preparation  (Levene  and 
Taylor)  356 

3-Methylnonyl  iodide : 

Preparation  (Levene  and 
Taylor)  356 

Methyl  tetronic  acid  lactone : 
Preparation    from    fucose 
(Clark)  70 

Methyl  tetronic  amide: 
Preparation  (Clark) 

71 
Milk: 

Metabolism        by        cats 
(Pucher  and  Cori) 

567 
Mineral  matter: 

Rat     tissue,     content    of 
(Buckner  and   Peter) 

5 
Mold: 

Glucose,   fermentation  of, 

by    (Peterson,     Fred, 

and  Schmidt)  24 

Growth     produced     from 

xylose  (Peterson,  Fred, 

and  Schmidt)  25 

Pentoses,  fermentation  of, 

by    (Peterson,     Fred, 

and  Schmidt)  19 

Muscle : 

Marine  fish,   amino  nitro- 
gen content  (Denis) 

698 
Mustelis  canis : 
See  Dogfish. 
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Mycelium: 

Composition,  elementary 
(Peterson,  Fred,  and 
Schmidt)  30 

Myozocephalus  aenems : 

See  Sculpin. 

N 

Nitrogen : 

Amino,  of  blood  and  mus- 
cle of  marine  fish 
(Denis)  698 

Metabolism,  indole,  effect 
of  (Underhill  and 
Kapsinow)  717 

— ,  skatole>  effect  of  (Un- 
derhill and  Kapsinow) 

717 
Non-protein,   of  blood   of 
marine  fish  (Denis) 

694 
Protein  of  tubercle  bacilli, 
distribution    in    (John- 
son and  Brown) 

729 
Nitron : 

Blood  alkalinity,  use  in 
determining  (Green- 
wald  and  Lewman) 

266 
Nucleic  acid: 

Tubercle  bacilli  (Johnson 
and  Brown)  721 

Nutrition : 

Vitamine  B,  r61e  of  (Os- 
borne and  Mendel) 

739 

Yeast,    amount    of,    and 

(Osborne  and  Mendel) 

739 


Oleic  acid : 

Cephalin,  brain,   isolation 

from  (Levene       and 

Rolf)  96 


Oleic  acid — continued: 

Lecithin,  brain,  isolation 
from  (Levene  and 
Rolf)  99 

Ovovitellin : 

Tryptophane  content 

(Mat  and  Rose) 

215 
Oxalates : 

Alkali,  titratable,  of  blood, 
effect  on  (Greenwald 
and  Lewman)  272 

Oxygen: 

Tension  and  blood  content 
of  carbon  dioxide 
(Peters,  Ctjllen,  and 
Austin)  150 

Tissue,  uptake  by,  gluta- 
thione, effect  of  (Hop- 
kins and  Dixon) 

536 
Oxygen  unsaturation : 

Blood,  effect  on  (Doist, 
Bkiggs,  Eaton,  and 
Chambers) 

310 

Isohydric  correction 

(Doisy,  Briggs,  Eaton, 

and  Chambers)         314 

Oxyhemoglobin: 

Alkali-binding  value  (Van 
Slyke,  Hastings,  Hei- 
delberger,  and  Neill) 

481 
Buffer  value  (Van  Slyke, 
Hastings,    Heidelber- 
ger,  and  Neill) 

481 

P 

Paraffin: 

Hydrogen  ion  concentra- 
tion of  saliva,  effect  on 
(Starr)  49 

Parathyroidectomy : 

Blood  composition,  effect 
on  (Gross  and  Under- 
hill) 108 
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Penicillium : 

camemlerti,  pentoses,  fer- 
mentation of,  by 
(Peterson,  Fred,  and 
Schmidt)  21 

glaucum,  carbon  dioxide 
from  xylose  by  (Peter- 
son, Fred,  and 
Schmidt)  29 

— ,  elementary  composi- 
tion (Peterson,  Fred, 
and  Schmidt)  30 

— ,  pentoses,  fermentation 
of,  by  (Peterson,  Fred, 
and  Schmidt)  21 

—  I,  pentoses,  fermentation 
of,  by  (Peterson,  Fred, 
and  Schmidt)  21 

roqueforti,  pentoses,  fer- 
mentation of,  by 
(Peterson,  Fred,  and 
Schmidt)  21 

8j>.y  pentoses,  fermentation 
of,  by  (Peterson,  Fred, 
and  Schmidt)  21 

Pentoses : 

Fermentation  by  molds 
(Peterson,  Fred,  and 
Schmidt)  19 

Phaseolin: 

Tryptophane  content 

(May  and  Rose) 

215 
Phosphoric  acid: 

Blood  composition,  effect 
on  (Tisdall)  36 

Phosphorus: 

Balance  in  milking  cow, 
alfalfa  hay,  effect  of 
(Hart,  Steenbock,  Hop- 
pert,  Bethke,  and 
Humphrey)  78 

—  —  —  — ,  bone  meal, 
effect  of  (Hart,  Steen- 
bock, Hoppert,  Bethke, 
and  Humphrey) 

78  I 


Phosphorus — continued: 

Balance  in  milking  cow 
timothy  hay,  effect  of 
(Hart,  Steenbock,  Hop- 
pert,  Bethke,  and 
Humphrey)  78 

Blood  content,  alfalfa  hay, 
effect  of  (Hart,  Steen- 
bock, Hoppert,  Bethke, 
and  Humphrey)  82 

—  — ,  fasting,  effect  of 
(Gross  and  Underhill) 

108 

,  parathyroidectomy, 

effect  of  (Gross  and 
Underhill)  109 

,  timothy  hay,  effect 

of  (Hart,  Steenbock, 
Hoppert,  Bethke,  and 
Humphrey)  82 

Distribution  in  body  in 
rickets  (McCann  and 
Barnett)  203 

Metabolism,  butter  fat,  ef- 
fect of  (Bogert  and 
Trail)  753 

— ,  yeast,  effect  of  (Bo- 
gert and  Trail) 

753 

Rat  tissue,  content  of 
(Buckner  and  Peter) 

7 

Serum  content,  disodium 
hydrogen  phosphate,  ef- 
fect of  (Tisdall) 

36 

—  — ,  phosphoric  acid, 
effect  of  (Tisdall) 

36 
Picric  acid : 

Alkalinity  of  blood,  effect 
on  determination  of 
(Greenwald  and  Lew- 
man)  ^  271 
Purification  for  creatinine 
determinations  (Bene- 
dict)                          239 
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Pigments: 

Maize,  Mendelian  color 
types  (Sando  and  Bartv 
lett)  629 

Pilocarpin: 

Blood  concentration  in 
rabbit,  effect  on  (Under- 
bill and  Roth) 

607 
Plasma: 

Venous  blood,  carbon  di- 
oxide    content     (Doisy 
and  Beckmann)        689 
Potassium : 

Blood  content,  fasting,  ef- 
fect of  (Gross  and 
Underhill)  108 

,  parathyroidectomy, 

effect    of    (Gross    and 
Underhill)  109 

Metabolism  (Gross  and 
Underhill)  118 

Rat  tissue,  content  of 
(Buckner  and  Peter) 

7 
Potassium  iodide : 

Iodine  distribution  in  thy- 
roid gland,  effect  on 
(van  Dyke)  12 

5-Propylnonane : 

Preparation  (Levene  and 
Taylor)  357 

a-Protease : 

Spleen,  presence  in 
(Hedin)  178 

0-Protease : 

Spleen,  presence  in 
(Hedin)  178 

Protein : 

Ketogen  ic-antiketogenic 
influence  (Shaffer) 

405 
Tryptophane  content 

(May  and  Rose) 

213 

Tubercle  bacilli  (Johnson 

and  Brown)  729 


Protein  precipitants : 

Chloride  determination,  ef- 
fect on  (Greenwald  and 
Gross)  589 


Rat  tissue : 

Mineral    content    (Buck- 
ner and  Peter)  5 
Resorcinol: 

Uric  acid  determination, 
effect  on  (Folin) 

162 
Respiratory  systems : 

Glutathione,  relation  of 
(Hopkins   and   Dixon) 

538 
Rhizopus: 

nigricans,  pentoses,  fer- 
mentation of,  by  (Peter- 
son, Fred,  and  Schmidt) 

21 
d-Ribose : 

Uric  acid  complex  in  blood 
(Davis,  Newton,  and 
Benedict)  598 

Rickets: 

Calcium  distribution  in 
(McCann  and  Bar- 
nett)  203 

Phosphorus  distribution  in 
(McCann  and  Bar- 
nett)  203 

Purified  food  substances, 
production  by  (McCol- 
lum,  Simmonds,  Becker, 
and  Shipley)  249 


Saccharomyces  cerevisiae: 

See  Yeast. 
Saccharomyces  ellipsoideus: 

See  Yeast. 
Saliva : 

Human,  hydrogen  ion  con- 
centration, alveolar  car- 
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Saliva — continued: 

bon    dioxide,    effect    of 
(Starr)  56 

— , ,  deep  breath- 
ing, effect  of  (Starr) 

59 
— ,   —  —   — ,   emotional 
excitation,       effect      of 
(Starr)  62 

— , ,  sodium  bi- 
carbonate, effect  of 
(Starr)  56 

— ,  mixed,  hydrogen  ion 
concentration  of  (Starr) 

49 
Hydrogen   ion    concentra- 
tion,  dilution,   effect  of 
(Starr)  47 

Sand  shark : 

Blood,   non-protein   nitro- 
gen of  (Denis)  694 
Sculpin : 

Blood,  non-protein  nitro- 
gen of  (Denis) 

694 
Serum: 

Composition,  disodium  hy- 
drogen phosphate,  effect 
of  (Tisdall)  36 

— ,  phosphoric  acid,  effect 
of  (Tisdall)  36 

Sex: 

Creatinuria,  effect  on 
(Harding  and  Gaeb- 
ler)  583 

Heat  production,  relation 
to  (Boothby  and  Sandi- 
ford)  778 

Skatole : 

Nitrogen  metabolism  of 
rabbit,  effect  on  (Un- 
derhill  and  Kapsinow) 

717 
Skeleton: 

Rickets,  composition  in 
(McCann  and  Bar- 
nett)  203 


Sodium: 

Blood  content,  fasting,  ef- 
fect of  (Gross  and 
Underhill)  108 

,  parathyroidectomy, 

effect    of    (Gross    and 
Underhill)  109 

Serum  content,  disodium 
hydrogen  phosphate,  ef- 
fect of  (Tisdall) 

36 

—  — ,  phosphoric  acid, 
effect  of  (Tisdall) 

36 
Tetany  production,  effect 
on  (Tisdall) 

35 
Sodium  bicarbonate : 

Blood  alkali,  effect  on 
(Greenwald) 

291 

Saliva,    human,   hydrogen 

ion  concentration,  effect 

on  (Starr)  56 

Sodium  carbonate : 

Alkali,  titratable,  of  blood, 

effect   on    (Greenwald 

and  Lewman)  276 

Blood     alkali,     effect    on 

(Greenwald)  292 

Sodium  chloride : 

Blood  chlorides  of  fasting 
rabbits,  effect  on  (Un- 
derhill and  Wakeman) 

708 

—  hemoglobin  of  fasting 
rabbit,  effect  on  (Un- 
derhill and  Wakeman) 

708 

—  volume  of  fasting  rab- 
bits, effect  on  (Under- 
hill and  Wakeman) 

708 
Sodium  cyanide : 

Alkaline  reserve  of  blood, 
effect  on  (Tatum  and 
Atkinson)  333 
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Sodium  cyanide — continued: 
Blood    sugar,     effect    on 
(Tatum  and  Atkinson) 

333 
Sodium  iodoiybenzoate : 

Alkaline  reserve  of  blood, 

effect   on    (Tatum   and 

Atkinson)  335 

Blood     sugar,     effect     on 

(Tatum  and  Atkinson) 

335 
Epinephrine  and,  alkaline 
reserve  of  blood,  effect 
on  (Tatum  and  Atkin- 
son) 337 

—  hyperglycemia,  effect 
on  (Tatum  and  Atkin- 
son) 347 

Sodium  salts : 

Toxicity,  comparative 

(Greenwald)  296 

Sodium  tartrate : 

Blood  chlorides  of  fasting 
rabbit,  effect  on  (Un- 
derhill  and  Wakeman) 

705 

—  hemoglobin  of  fasting 
rabbit,  effect  on  (Un- 
derhill  and  Wakeman) 

705 
Spleen : 

Autolysis,   acid,    effect   of 

(Hedin)  190 

Enzymes,  proteolytic 

(Hedin)  177 

Stammerers: 

Saliva,  hydrogen  ion  con- 
centration of  (Starr) 

61 
Stearic  acid : 

Cephalin,  brain,  isolation 
from  (Levene  and 
Rolf)  95 

Strophanthidin : 

Preparation  (Jacobs  and 
Heidelberger) 

255 


Strophanthidin  benzoate : 

Preparation    (Jacobs   and 

Heidelberger)         257 

Strophanthidin       p-bromoben- 

zoate: 

Preparation    (Jacobs   and 

Heidelberger) 

257 
Strophanthidin  p-bromophenyl- 
hydrazone : 
Preparation    (Jacobs   and 
Heidelberger) 

259 
Strophanthidin  oxime : 

Preparation  (Jacobs  and 
Heidelberger) 

258 

Strophanthidin      phenylhydra- 

zone: 

Preparation    (Jacobs   and 

Heidelberger)         258 

Sucrase : 

Banana  (Falk  and  Mc- 
Guire)  655 

Soluble  and  insoluble,  re- 
lation of  (Falk  and  Mo 
Guire)  655 

Sucrose : 

Fructose  and,  determina- 
tion of  glucose  in 
(Cajom)  622 

Sugar: 

Blood.    See  Blood  sugar. 
Surface  area : 

Basal  heat  production,  re- 
lation to  (Boothbt  and 
Sandiford)  767 

Body,  comparison  of 
methods  for  determining 
(Boothby  and  Sandi- 
ford) 767 


Tantog: 

Blood,   non-protein   nitro- 
gen of  (Denis) 

694 


842 
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Tantoga  anitis: 

See  Tantog. 
Tantogolabrus : 

See  Cunner. 
Tetany : 

Alkalosis,       relation       of 

(Greenwald)  285 

Calcium  lactate,  effect  of, 

on  (Gross  and  Under- 

hill)  110 

Gastric,  blood  changes  in 

(Tisdall)  40 

Parathyroid,    organic    ion 

balance     of     blood     in 

(Gross  and  Underhill) 

105 
Production,    sodium    ion, 
influence  of  (Tisdall) 

35 
Thymine: 

Tuberculinic  acid,  isolation 
from  (Johnson  and 
Brown)  735 

Thyroid  gland : 

Hyperplastic,  iodine  dis- 
tribution in,  after  intra- 
venous injection  of  io- 
dine compounds  (van 
Dyke)  11 

Timothy  hay : 

Calcium  assimilation  in 
milking  cow,  effect  on 
(Hart,  Steenbock,  Hop- 
pert,  Bethke,  and  Hum- 
phrey) 78 

—  content  of  blood,  effect 
on  (Hart,  Steenbock, 
Hoppert,  Bethke,  and 
Humphrey)  84 

Phosphorus  balance  in 
milking  cow,  effect  on 
(Hart,  Steenbock,  Hop- 
pert,  Bethke,  and  Hum- 
phrey) 78 

—  content  of  blood,  effect 
on  (Hart,  Steenbock, 
Hoppert,  Bethke,  and 
Humphrey)  82 


Tissues: 

Calcium  content  in  rickets 

(McCann     and     Bar- 

nett)  203 

Glutathione,   function   of, 

in  (Hopkins  and  Dixon) 

527 
Oxygen      uptake,      gluta- 
thione, effect  of   (Hop- 
kins and  Dixon) 

536 

Phosphorus      content      in 

rickets    (McCann    and 

Barnett)  203 

Reducing  power,  effect  of 

drying  on  (Hopkins  and 

Dixon)  530 

—    — ,    —    —    hydrogen 

peroxide  (Hopkins  and 

Dixon)  533 

Titanous  chloride : 

Blood  alkalinity,  use  of, 
in  determining  (Green- 
wald and  Lewman) 

268 
"Total  creatine  coefficient:" 
Definition   (Harding  and 
Gaebler)  580 

Pathological        conditions 
(Harding    and    Gabb- 
ler) 585 
Toxicity: 

Ammonium  salts  (Under- 
hill and  Kapsinow) 

451 
Tryptophane : 

Colorimetric  determina- 
tion (May  and  Rose) 

213 
Proteins,  content  of  (May 
and  Rose)  213 

Tubercle  bacilli : 

Inorganic  constituents 

(Johnson  and  Brown) 

725 
Nucleic  acid  of  (Johnson 
and  Brown) 

721 


Subjects 


843 


Tubercle  bacilli — continued: 
Protein    residue,    nitrogen 
distribution    in     (John- 
son and  Brown) 

729 
Tuberculide   acid,   prepa- 
ration of  (Johnson  and 
Brown)  731 

Tuberculide  acid : 

Pyrimidines  of  (Johnson 
and  Brown)  731 

Tubercle  bacilli,  preparat- 
ion from  (Johnson  and 
Brown)  721 


Urea: 

Blood  of  marine  fish,  con- 
tent of  (Denis)  694 
Uric  acid : 

Blood,  determination  in 
(Folin)  153 

—  of  marine  fish,  content 
of  (Denis)  694 

Colorimetric  determina- 
tions (Folin)  160 

Combined,  blood  of  vari- 
ous animals,  presence  in 
(Newton  and  Davis) 

603 

— ,  corpuscles  of  beef 
blood,  content  of  (New- 
ton and  Davis) 

601 

— ,  in  beef  blood  (Davis, 
Newton,  and  Bene- 
dict) 595 

Determination  (Bene- 
dict) 233 

Formaldehyde  compound 
(Folin)  156 

d-Ribose  complex  in  blood 
(Davis,  Newton,  and 
Benedict)  598 

Standard  solution  (Bene- 
dict) 237 
(Folin)  156 


Urine: 

Calcium  content,  acid-  and 
base-forming  diets,  ef- 
fect of  (Bogert  and 
Kirkpatrick) 

380 

after  calcium  lactate 

(Bogert    and    McKix- 
trick)  363 

magnesium  citrate 

(Bogert    and    McKit- 
trick)  363 

,  butter  fat,  effect  of 

(Bogert  and  Trail) 

387 

—  — ,  yeast,  effect  of 
(Bogert  and  Trail) 

387 
Cat,    after    milk    feeding 
(Pucher  and  Cori) 

567 
— ,     bicarbonate     content 
after  milk  diet  (Pucher 
and  Cori) 

567 

Cystine,  determination  of 

(Looney)  171 

Formic  acid,  estimation  of 

(Benedict  and  Harrop) 

443 
,  occurrence  of  (Bene- 
dict and  Harrop) 

446 
Magnesium   content   after 
butter        fat        feeding 
(Bogert  and  Trail) 

753 

—  —  —  calcium  lactate 
(Bogert  and  McKnv 
trick)  363 

magnesium  citrate 

(Bogert    and    McKnv 
trick)  363 

—  —  —  yeast  feeding 
(Bogert  and  Trail) 

753 
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Urine — continued: 

Phosphorus  content  after 
butter  fat  feeding 
(Bogert  and  Trail) 

753 
—   —   —   yeast   feeding 
(Bogert  and  Trail) 

753 
Rabbit,  composition,  fast- 
ing,  effect  of    (Under- 
hill  and  Kapsinow) 

718 
Reaction     and     ammonia 
excretion  (Hubbard  and 
Muxford)  470 

Volume  and  ammonia  ex- 
cretion (Hubbard  and 
Muxford)  470 


Vitamine: 

Calcium  assimilation,  ef- 
fect on  (Bogert  and 
Trail)  387 

Dosage  in  relation  to 
growth  (Osborne  and 
Mendel)  739 

Vitamine  A: 

Lard  content  (Mallon 
and  Clark)  703 

Vitamine  B: 

Nutrition,  role  in  (Os- 
borne and  Mendel) 

739 
Yeast    as    source    of,    for 
rats      (Kennedy      and 
Palmer)  217 

— ,  synthesis  bv  (Mac- 
Donald)  "  243 

W 
Water: 

Blood  concentration,  ef- 
fect on,  after  water  de- 


Water — continued: 

privation      (Underbill 
and  Kapsinow) 

459 
Deprivation     and      blood 
concentration  in  the  rab- 
bit    (Underhill     and 
Roth)  607 

X 

Xylose: 

Carbon  dioxide  production 
from,  by  Aspergillus 
niger  (Peterson,  Fred, 
and  Schmidt)  27 

from,  by  Penicilr 

Hum  glaucum  (Peterson, 
Fred,  and  Schmidt) 

29 

Fermentation  by  molds 
(Peterson,  Fred,  and 
Schmidt)  21 

Mold  growth  produced 
from  (Peterson,  Fred, 
and  Schmidt) 

25 


Teast : 

Calcium  metabolism,  ef- 
fect on  (Bogert  and 
Trail)  387 

Dosage  and  growth  (Os- 
borne and  Mendel) 

739 

Metabolism,  inorganic,  ef- 
fect on  (Bogert  and 
Trail)  753 

Vitamine  B,  source  of,  for 
rats  (Kennedy  and 
Palmer)  217 

,  synthesis  of  (Mac- 
Donald)  243 
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